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The document type contains the general features 
and/or specifications for a product in definition or 
development. The features and/or specifications 
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This document type contains the general features 
and/or specifications of a product in development or 
in production. Additional information is usually 
available in a separate document, not contained in 
this book, such as a Designer's Guide. 
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design concept only. 



NOTICE 

Information furnished by Rockwell International Corporation is believed to be accurate and reliable. 
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DIAL-UP DATA MODEMS 

EXPERIENCE MAKES A DIFFERENCE 

Rockwell offers a complete line of 1200 to 9600 bits per second (bps) OEM modem products that can 
easily be incorporated into your communications systems requiring high performance, quality and 
reliability while maintaining a competitive cost advantage. Whether the modem application is for personal 
computer communications or for installation into remote monitoring equipment, Rockwell has the product 
with the features, form factor and cost advantage to meet your business objectives. 

With the dial-up (PSTN) market advancing so quickly, time to market is critical. Rockwell offers a com- 
plete family of products that address every segment of the dial-up market. For the low power applications 
such as laptops (battery powered), Rockwell offers the RC224AT, a complete single device modem, and 
the RC2324DP, Rockwell's true quad function (V.21 , V.22A/B, V.22 bis, and V.23) modem. Rockwell also 
provides products that easily assist you in migrating to higher speeds. The R96QT is a value added 
V.22 bis modem that communicates at 9600 bps, and the RC9696DP is a "turbo charged" R9696DP with 
fall-forward capability to 12000 bps full duplex operation. With throughput increasingly more critical over 
dial-up lines, data compression and error correction protocols are crucial features. For integrated applica- 
tions, Rockwell offers the RC224AT, which provides the "AT" command set, error correction and data 
compression protocols in addition to standard modem features. 

System designers now have a product line that completely meets their needs including a smooth migra- 
tion path from all of Rockwell's current products to any future requirements. 



Model 


Data Speed 
(bps) 


Compliance 


R212AT 


1200,0-300 


Bell 212A, 103; "AT" Command Set 


R212DP 


1200,0-300 


Bell 21 2A, 103 


R1212 


1200,600,0-300 


CCITT V.22 A/B; Bell 21 2A, 1 03 


R2424 


2400,1200,600,0-300 


CCITT V22 bis, V.22 A/B; Bell 21 2A, 103 


RC224AT 


2400,1200,600,0-300 


CCITT V.22 bis, V.22 A/B, V.21 ; Bell 21 2A, 1 03; 
"AT" Command Set 


RC2324SME 


2400,1200,600,0-300 


CCITT V.22 bis, V.22 A/B, V.23, V.21 , Bell 21 2A, 1 03; 
V.25 bis Commands, "AT' Commands, MNP 3, 4, 5 


RC2324DP 


2400,1200,600,0-300 


CCITT V.22 bis, V.22 A/B V.21 , V.23; Bell 21 2A, 1 03 


R96QT 


9600, 7200, 4800, 2400, 1200 
600, 300 


V.29 (HDX), V.22 bis, V.22 A/B; Bell 21 2A, 103 


R9696DP 


1200,9600,4800,7200 


V.32, V22 bis, V.22, V.21 V.23; Bell 21 2A, 103 
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R212DP/DS and R212DP/EB 




R212DP 

Modem Device Set 

Bell 212A Compatible 




INTRODUCTION 

The R212DP/DS Data Pump device set is a high performance 
1200/300 bps modem. Using state-of-the-art VLSI technology, 
the R212DP provides the entire modulation/demodulation 
process, high and low band filtering, and complete auto dialing 
function in only two devices. 

The R212DP is ideal for data transmission over the 2-wire dial-up 
network. Bell 21 2A and 103 compatible, the R212DP can handle 
virtually all applications for full-duplex 1200 bps and to 300 bps 
asynchronous data transmission over the public switched 
telephone network (PSTN). 

The RS-232-C compatible interface integrates easily into a per- 
sonal computer, box modem, terminal or any other communica- 
tions product. The added feature of an integral asynchronous 
serial auto dialer capable of dialing with DTMF tones or pulses 
from its 40-byte character buffer offers the user added flexibility 
in creating a 1200 bps modem customized for specific packaging 
and functional requirements. 

An R212DP/EB Evaluation Board is also available to aid modem 
system design and evaluation. Included on the pnnted circuit 
board are the R212DP/DS modem device set, RS-232-C con- 
nector, power connector, an RJ-1 1 phone jack, six LED indi- 
cators, and four configuration switches. The evaluation board 
comes with an m-depth R212DP Device Set Designer's Guide 
(Order No. 678) and a wall-mount power supply. All that is 
required to use the R212DP/EB is an RS-232-C cable connected 
to a terminal or computer, and a phone cord. 



FEATURES 

• 2 Device Implementation 

— R8200 Modulator/Demodulator 

— 10468 Integrated Analog 

• Bell 21 2A and 103 Compatible (2-Wire Full-Duplex) 

— Asynchronous 

1200 bps DPSK ( + 1%, -2.5%) 

0-300 bps FSK 

Auto Fallback, Answer Mode 

• DTE Interface 

— Functionally: RS-232-C Compatible 

— Electrically: TTL 

• Auto/Manual Answer 

• Auto/Manual Dial 

— DTMF or Pulses 

— 0-9# *, T PCR (ASCII) 

— 40-Byte Character Buffer 

• 10-Bit Character Length 

• Break Generation/Detection 

• Send/Receive Space Disconnect 

• Automatic Adaptive Equalizer 

• Analog Loopback 

— to 300 bps, 1200 bps 

• Packaging Options 

— 40-pin Plastic DIP 

— 44-pin PLCC 




m 



^r 



44-PIN PLCC 



R212DP/DS Modem Device Set 



Document No. 29220N77 



Product Summary 
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R212DP 



Data Pump Modem Device Set 
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V 



10468-XX 
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INTERFACE 



MODULATOR/ 

DEMODULATOR 

DEVICE 



INTEGRATED 
ANALOG 
DEVICE 



R212DP/DS Modem Device Set Interface Diagram 



SPECIFICATIONS 

Power Consumption 

+ 5 Vdc ±5% < 300 mA 
-5 Vdc ±5% <40 mA 
600 mW (typical) 



Environmental 

Temperature: Operating 0**C to 70°C 

Storage -SS^C to +150°C 
Relative Humidity: Up to 90% noncondensing, or a wet bulb 
temperature up to 35°C, whichever is less. 
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R212AT/DS and R212AT/EB 




R212AT Modem Device Set 

"AT" Command Set 

Bell 212A Compatible 




INTRODUCTION 

The R212AT/DS ("AT" Command Set Compatible) device set 
is a iilgli performance 1200/300 bps modem. Using state-of-tiie- 
art VLSI technology, the R212AT provides the entire modulation/ 
demodulation process, high and low band filtering, and an 
enhanced "AT" Command Set in only two devices. 

The R212AT is Ideal for data transmission over the 2-wlre dial-up 
network. Bell 21 2A and 103 compatible, the R212AT can handle 
virtually all applications for full-duplex 1200 bps and to 300 bps 
asynchronous data transmission over the public switched 
telephone network (PSTN). 

The RS-232-C compatible interface integrates easily into a per- 
sonal computer, box modem, terminal or any other communica- 
tions product. The added features of the enhanced "AT" 
Command Set offer the user added flexibility in creating a 
1200 bps modem customized for specific packaging and func- 
tional requirements. The R212AT can be readily used with 
industry standard communication software packages. 

An R212AT/EB Evaluation Board is also available to aid modem 
system design and evaluation. Included on the printed circuit 
board are the R212AT/DS modem device set, RS-232-C con- 
nector, power connector, two RJ-1 1 phone jacks, 1 1 LED indi- 
cators, four configuration switches, and a speaker with volume 
control. The evaluation board comes with a detailed R212AT 
Device Set Designer's Guide (Order No. 686), and a wall-mount 
power supply. All that is required to use the R212AT/EB is an 
RS-232-C cable connected to a terminal or computer, and a 
phone cord. 



FEATURES 

• 2 Device Implementation 

— R8203 Modulator/Demodulator 
— 10468 Integrated Analog 

• Bell 21 2A and 103 Compatible (2-Wire Full-Duplex) 

— 1200 bps DPSK (+1%, -2.5%) asynchronous 

— 0-300 bps FSK asynchronous 

— Auto Fallback, Answer Mode 

• Auto/Manual Answer 

• Auto/Manual Dial 

• "AT" Command Set (see reverse side) 

• DTE Interface 

— Functionally: RS-232-C Compatible 

— Electrically: TTL 

• Data Format 

— 7 Data Bits; 1 or 2 Stop Bits; Even, Odd, or Fixed Parity 

— 8 Data Bits; 1 or 2 Stop Bits; No Parity 

• Automatic Adaptive Equalizer 

• Packaging Options 

— 40-pin Plastic DIP 

— 44-pin PLCC 




% 



% 



40-PIN DIP 



44-PIN PLCC 



R212AT/DS Modenfi Device Set 



Document No. 29220N83 



Product Summary 
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R212AT 



"AT" Compatible Modem Device Set 







R212AT 


"AT" Command Set 






Command 


Function 


Command 


Function 


Command 


Function 


AT 


Attention Code 


Sr=n 


Set Register 


H 


On/Off Hook 


A/ 


Repeat Last Command 


V 


Verbal/Numeric 


1 


Returns Product Code 


A 


Answer 




Result Code 


M 


Speaker On/Off 


D 


Dial 




Pause 





On Line 


R 


Reverse Dial 




Return to Command 


Q 


Quiet On/Off 


T 


Tone Dial 




State After Dialing 


Z 


Reset 


P 


Pulse Dial 


E 


Echo On/Off 


+ + + 


Escape Code 


Sr? 


Read Register 











-5V 




SPEAKER ON 



R8203-XX 



V 



10468-XX 



TO 

LINE 

INTERFACE 



MODULATOR/ 

DEMODULATOR 

DEVICE 



INTEGRATED 
ANALOG 
DEVICE 



SPECIFICATIONS 

Power Consumption 

+ 5 Vdc ±50/0 <300 mA 
-5 Vdc ±5% <40 mA 
600 mW (typical) 



R212AT/DS Modem Device Set Interface Diagram 
Environmental 



Temperature: Operating 0°C to 70°C 

Storage -55°Cto +150°C 
Relative Humidity: Up to 90% noncondensing, or a wet bulb 
temperature up to 35°C, whichever is less. 
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RC224AT 




RC224AT 2400 bps Single Device IVIodem 
with "AT" Commands 




INTRODUCTION 

The RC224AT is an integrated 2400 bps full-duplex 
modem supplied in either one or two CMOS VLSI 
packages. The RC224AT complies with CCITT V.22 bis 
and V.22 A/B recommendations, and meets Bell 21 2A and 
103 standards. The RC224AT also implements a 2400 
"AT" command set. 

Two versions of the RC224AT are available. The 
RC224AT/1 integrates digital signal processing (DSP) and 
integrated analog (lA) functions into a single VLSI 
package. 

The RC224AT/2 2-device set performs the same functions 
as the RC224AT/1 single device with the addition of a 
memory expansion bus. The RC224AT/2 supplies DSP 
and lA functions In separate packages. 

The RC224AT may operate over a parallel or serial 
interface to the host. A hardware input selects either 
parallel or serial host interface upon power turn-on or 
reset. The parallel host interface emulates a 16C450 
UART and is compatible with IBM PC, PC/XT, PC/AT, or 
PS/2 systems. The serial host interface is CCITT V.24 
(EIA-232-D) logic compatible with TTL levels. 

RC224AT based modem designs reduce the bill of 
material due to the elimination of an external 
microprocessor and parallel/serial (UART) devices. This 
results in significant cost savings for OEM customers. 

Implemented in low power CMOS, the RC224AT is also 
designed especially for portable and/or battery powered 
applications. Power requirements are further reduced 
when sleep (power down) mode is enabled. 

The RC224AT is based on a new generation CMOS 
microcontroller, the MicroDSP. The MicroDSP combines 
the best features of an 8-bit microcomputer with a digital 
signal processor. The MicroDSP enables the RC224AT to 
handle traditional microprocessor functions, such as the 
AT command interpretation, without degrading 
performance in core modulation and demodulation of 
digital signal processing functions. 



FEATURES 

No external microcomputer and PROM required 

• Built-in DTE interfaces supported: 

- Parallel 16C450 

- Serial CCITT V.24 (EIA-232-D) 

• Implements new Hayes commands 

- &V, &Wn, &Yn, &Zn=x, and S=n as a dial 
modifier 

NVRAM interface allows storage of two user 
configurations and four 36-digit dial strings 

• 40-character command line 

• Automatic sleep mode and wake-up 

• Expansion PROM interface permitting user- 
modification of AT commands 
Compatibilities 

- CCITT V.22 bis, V.22 A/B 

- Bell 212A and 103 

- Hayes "AT" 2400B and 2400 command set 
Low power requirements: 

- 305 mW (typical) operating 

- 37 mW (typical) sleep (power down) mode 
Call progress and dialing features: 

- Detect: busy, ringback and dial tone 

- Wait for quiet answer 

- Programmable speaker volume control 

- DTMF and pulse dial 

- Programmable pause Interval 

- Flash PBX support 

- Wait for dial tone before dialing 

- Originate call from answer-mode modem 

• Automatic adaptive and fixed compromise 
equalization 

• A/A1 feature for multi-line key telephones 

• RC224AT/1 (1 device) packaging 

- 64-pin plastic QUIP 

- 68-pin PLCC 

• RC224AT/2 (2-device set) packaging 

- DSP: 64-pin plastic QUIP or 68-pin PLCC 

- lA: 40-pln plastic DIP or 44-pin PLCC 



Hayes is a registered trademark of Hayes MJcrocomputer Products, Inc 



Document No. 29200N54 
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RC224AT 



2400 bps Single Device Modem with "AT" Commands 



GENERAL DESCRIPTION 

The major hardware signal interfaces of the single-device 
RC224AT/1are illustrated in Figure 1-a. The major 
hardware interface signals of the RC224AT/2 are shown in 
Figure 1-b. 

Additional design information is described in the RC224AT 
Designer's Guide (Order No. 845). 

DEVICES 

MicroDSP 

The MicroDSP is a medium speed modem engine offering 
high speed central processing at a 6 MHz (internal clock) 
instruction execution rate. The MicroDSP performs the 
modem digital signal processing, command set 
interpreting, line control, and modem control processing. 
Two pulse rate multipliers optimize performance by 
generating precision timing for the analog filters. 

Integrated Analog 

The integrated analog function is divided into three 
sections: transmitter, receiver, and telephone line 
interface. The transmitter section contains a 
digital-to-analog (D/A) converter, bandsplit and lowpass 
filters, a guard tone generator, and a transmit level 
attenuator. The receiver section implements variable gain 
control, bandsplit filters, and an analog-to-digltal (A/D) 
converter. The telephone interface circuitry provides relay 
drivers for off-hook, talk/data, and A/A1 relays. 

SUPPORTED INTERFACES 

"AT" Command Line 

A 40-character command line is provided. The command 
line starts with AT and may contain several commands. A 
separator is not required between the commands. The AT 
prefix and the terminating OR prefix are not counted in the 
character total. Spaces are counted; as are left and right 
parenthesis. 

Parallel Host Interface 

When the parallel PC bus interf ace is selected by a 
hardware input signal (use of HWT), a 1 6C450 compatible 
parallel interface is provided. 

Indicator Interface (Serial Interface only) 

When the serial interface is selected, four sign als are 
output by t he DS P to th e indicator interface (DCDL, 
MR/TEST, AAE, and OHREL AY). The 2-device 
RC224AT/2 also outputs the DTRL indicator signal. 

Serial Host Interface 

When t he serial interface is selected by a hardware input 
signal (SEREN = GND), a V.24 (EIA-232-D) compatible 
interface is provided. 



NVRAM interface 

A serial interface to an optional user-supplied 1024-bit 
non-volatile RAM (NVRAM) is provided. The NVRAM can 
store up to two user-selectable configurations which can 
take precedence over the factory default setting, and can 
store up to four 36-digit dial strings. 

Speaker Interface 

An interface to an externally supplied speaker circuit is 
provided. The speaker can be used to monitor call 
progress. The AT Ln command can be used to adjust the 
volume in suitable steps. 

Expansion ROM interface (RC224AT/2 Only) 

An expansion bus is provided to interface with an optional 
user-supplied 8k-byte PROM, as a user option. This 
PROM can be used to alter the AT command set. 

SLEEP (POWER DOWN) MODE 

To minimize the modem power consumption, the 
RC224AT includes a sleep (power down) mode which may 
be enabled or disabled. If enabled, the RC224AT enters 
sleep mode whenever the modem has been Inactive from 
30 seconds to one minute. (Note that the modem never 
enters power down mode while in data mode.) The modem 
returns to full operation whenever a ring signal occurs, or 
the host writes to the DSP (parallel interface) or the DTR 
input is asserted (serial interface). In the serial interface, 
the V.24 and indicator outputs are forced high in the sleep 
mode to save power. 

TECHNICAL SPECIFICATIONS 

The selectable modem configurations, along with the 
corresponding signaling (baud) rates and data rates, are 
listed in Table 1 . 

TONE GENERATION 

DTMF Tone: A DTMF tone pair can be generated with an 
frequency accuracy of ±1 .5%. The dial digit tone pairs are: 



Dial Digit 


Tonel 


Tone 2 





941 


1336 


1 


697 


1209 


2 


697 


1336 


3 


697 


1477 


4 


770 


1209 


5 


770 


1336 


6 


770 


1477 


7 


852 


1209 


8 


852 


1336 


9 


852 


1477 


* 


941 


1209 


# 


941 


1477 


A 


697 


1633 


B 


770 


1633 


C 


852 


1633 


D 


941 


1633 



1-8 



RC224AT 



2400 bps Single Device iUlodem with "AT" Commands 



RC224AT/1 DEVICE 



INDICATOR 
INTERFACE 



-•^ 



V.24 
EIA-232-0 
INTERFACE 



DIGITAL 

SIGNAL 

PROCESSOR 

(MICRODSP) 



O 



SERIAL 
INTERFACE 



INTEGRATED 

ANALOG 

(lA) 



ANTIALIASING 

FILTER 
COMPONENTS 



ANCILLARY 

CIRCUIT 
INTERFACE 



TELEPHONE 

LINE 
INTERFACE 

(DAA) 



SPEAKER 
INTERFACE 



NVRAM 
INTERFACE 



a. Serial Host Interface 
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b. Parallel Host Interface 



Figure 1-a. RC224AT/1 General Interface 
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a. Serial Host Interface 
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b. Parallel Host Interface 



Figure 1-k>. RC224AT/2 General Interface 
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Guard Tone: A guard tone of 550 ± 20 Hz or 1 800 ± 20 Hz 
can be generated at 3 ±1 dB or 6 ±1 db below the transmit 
level, respectively. 

Answer Tone: A CCITT (2100 ±15 Hz) or Bell (2225 ±10 
Hz) answer tone Is generated depending on the selected 
configuration. 

DATA ENCODING 

The data encoding conforms to CCITT Recommendations 
V.22 bis or V.22, or to Bell 21 2A or 1 03, depending on the 
selected configuration. 

LINE EQUALIZATION 

Transmitter and receiver digital filters compensate for 
delay and amplitude distortion during operation on 
nominal phone lines. In addition, automatic adaptive 
equalization in the receiver minimizes the effects of 
intersymbol interference. 

TRANSMITTED DATA SPECTRUM 

The transmitted spectrum is shaped by the square root of 
a 75% raised cosine fitter function. 

TRANSMIT LEVEL 

The transmitter level is -10 dBm ±1 dB. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing 
scram bler/descrambler in accordance with the applicable 
CCITT recommendation. 

RECEIVE LEVEL 

The receiver satisfies performance requirements for a 
received line signal from -9 dBm to -43 dBm. The carrier 
detect is ON at -43 dBm and OFF at -48 dBm with a 
minimum of 2 dB hysterisis. 



RECEIVER TIMING 

The modem can track a frequency error up to ±0.01 % in 
the associated transmit timing source. 

CARRIER RECOVERY 

The modem can track a frequency offset up to ±7 Hz in the 
received cannier with less than a 0.2 dB degradation in bit 
error rate (BER). 

TRANSMISSION SPEED 

With the parallel interface, the transmission rate of the host 
computer must be 110, 300, 1200, or 2400 bps. The 
modem will connect at the selected speed or will fallback 
to the speed set by the remote modem with the serial 
interface, the DTE transmission speed is speed sensed. 

When the modem answers a call, it determines the 
transmission speed from the carrier signal of the 
originating modem. V.22 bis ORG can also adapt so that 
the setting of the modem is matched to the remote system. 

AT COMMAND SET 

The AT command set is Hayes 2400B compliant. The 
commands are divided into three types; basic commands, 
dial modifiers, and ampersand commands as listed in 
Table 2. The supporting S registers are listed in Table 3. 

AT COMMAND DATA RATE 

With the parallel interface, AT commands to the modem in 
the local command state must be asynchronous, ASCII 
coded, and transmitted at rates of 1 1 0, 300, 1 200, or 2400 
bps. With the serial interface, the rate is speed sensed for 
parity and format. 




Table 1. Configurations, Signaling Rates and Data Rates 



Configuration 


Modulation^ 


Frequency (Hz) ±0.01% 


Data Rate 

(bps) 
± 0.01% 


Baud 
(Symbols/Sec.) 


Bits Per 
Symbol 


Constellation 
Points 


Answer 


Originate 


v.22 bis 


QAM 


2400 


1200 


2400 


600 


4 


16 


V.22A/B 


DPSK 


2400 


1200 


1200 


600 


2 


4 


Bell 21 2A 


DPSK 


2400 


1200 


1200 


600 


2 


4 


Bell 103 


FSK 


2225 M 
2025 S 


1270M 
1070 8 


300 


300 


1 


1 


Notes: 1. 


Modulation legend 


: QAM Quadrature Amplitude Module 
DPSK Differential Phase Shift Keying 
FSK Frequency Shift Keying 


tion 

3 






2. 


M Indicates a mart 


( condition, S indicates a space condition. 
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Table 2. RC224AT "AT" Command Set Summary 



Table 3. RC224AT 8 Register Summary 



Basic 




Commands 


Function 


AT 


Attention Code 


A 


Answer Command 


A/ 


Repeat Last Command 


Bn 


Communications Standard Option 


01 


Carrier Control Option 


D 


Dial Command 


En 


Off-line Character Echo Option 


F1 


On-line Character Echo Option 


Hn 


Switch Hook Control Option 


In 


Identification/Checksum Option 


Ln 


Speaker Volume Option 


Mn 


Speaker Control Option 


On 


On-line Command 


P 


Pulse Dial 


Qn 


Result Code Display Option 


Sn 


Select an S Register 


Sn= 


Write to an S Register 


Sn? 


Read an S Register 


T 


Touch Tone Dial 


Vn 


Result Code Form Option 


Xn 


Result Code Set/Call Progress Option 


Yn 


Long Space Disconnect Option 


Zn 


Recall Stored Profile Command 


+++ 


Escape Code Sequence 


' 


Pause 


Dial 




Modifiers 


Function 


P 


Pulse Dial 


R 


Originate Call in Answer Mode 


S=n 


Dial Stored Number (nr;0:3f 


T 


Touch Tone Dial 


W 


Walt for Dial Tone 


; 


Return to Idle State 


© 


Wait for Quiet Answer Command 


! 


Flash Hook 


^ 


Pause 


0-9 


Dial Digits/Characters 


A.B.C.D 




#.* 




Ampersand 




Commands 


Function 


&0n 


Data Carrier Detect Option 


&Dn 


Data Terminal Ready Option 


&F 


Load Factory Defaults 


&Gn 


Guard Tone Option 


&Jn 


Auxiliary Relay Control 


&Mn 


Communications Mode Option 


&Pn 


Make to Break Ratio Selection 


&Qn 


Communications Mode Option 


&Sn 


Data Set Ready Option 


&Tn 


Test Command Selection 


&V 


View Active Configuration and User 




Profiles* 


&Wn 


Store Active Profile* 


&Xn 


Synchronous Transmit Clock Source 




Option 


&Yn 


Select Stored Profile on Powerup Option* 


&Zn=x 


Store Telephone Number (n=0:3)* 


* = New Commands 



Register 


Function 


SO* 


Ring to Answer On 


S1 


Ring Count 


S2 


Escape Code Character 


S3 


Carriage Return Character 


S4 


Line Feed Character 


S5 


Back Space Character 


S6 


Wait For Dial Tone 


S7 


Walt Time for Data Carrier 


S8 


Pause Time for Comma 


S9 


Carrier Detect Response Time 


S10 


Lost Carrier to Hang-up Delay 


S11 


DTMF Dialing Speed 


S12 


Escape Code Guard Time 


S14* 


Bit Mapped Options Register 


S16 


Modem Test Options 


SI 8* 


Test Timer 


S21* 


Bit Mapped Options Register 


S22* 


Bit Mapped Options Register 


S23* 


Bit Mapped Options Register 


S25* 


Delay to DTR 


S26* 


RTS to CTS Delay Interval 


S27* 


Bit Mapped Options Register 


Notes: 


*This S-Register is stored In the modem NVRAM upon 


receipt of the &W command so that the contents are 


preserved when modem power is removed. 



HARDWARE INTERFACE SIGNALS 

The RC224AT/1 pin assignments are shown In Figure 2 
and listed in Table 4. The RC224AT/1 hardware interface 
signals are shown in Figure 3. 

The RC224AT/2 pin assignments are shown in Figure 4 
and listed in Table 5. The RC224AT/2 Interface signals are 
shown in Figure 5. 

The RC224AT/1 and RC224AT/2 digital and analog 
characteristics are described In Tables 6 and 7, 
respectively. 

The RC224AT hardware Interface signals are described in 
Table 8. The signal definitions apply to both RC224AT/1 
and RC224AT/2 except as noted. 

APPLICATION 

Recommended modem circuits based on the RC224AT/1 
are shown In Figures 6-a and 6-b for serial and parallel 
Interfaces, respectively. 

Recommended modem circuits based on the RC224AT/2 
are shown In Figures 7-a and 7-b for serial and parallel 
interfaces, respectively. 
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Figure 2. RC224AT/1 Pin Assignments 
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Table 4-a. RC224AT/1 Pin Assignments-Serial 



Table 4-b. RC224AT/1 Pin Assignments-Parallel 



68-Pin PLCC 


64-Pin QUIP 


Signal 




Pin Number 


Pin Number 


L^bel 


I/O Type 


4 


1 


RT$ 


lA 


5 


2 


.SEPEN 


lA 


6 


3 


DTR/IDLE 


lA 


7 


4 


NVRCS 


OA 


8 


5 


NVBI210 


lA/OA 


9 


- 


A/A1 


OA 


10 


6 


AAE 


OA 


11 


7 


UKR^UAY 


OA 


12 


8 


RDCLK 


OA 


13 


9 


RXD 


OA 


14 


10 


RESET 


IB 


15 


11 


+5VDC 




16 


12 


NVR$K 


OA 


17 


13 


XTCLK 


lA 


18 


14 


TDCLK 


OA 


19 


15 


TXP , 


lA 


20 


16 


5PKRH 


OA 


21 


17 


SPKRL 


OA 


22 


18 


MI6A 


TO MI6B 


23 


19 


MI5A 


TO MI5B 


24 


20 


MI2£l- 


TOMI3B 


54 


21 


OHREI-AY 


OD 


30 


22 


-5VA 




31 


23 


MHO 




32 


24 


Mill 




33 


25 


AGND1 




34 


26 


MI4B 


TO MI4A 


35 


27 


DGND1 




36 


28 


IRAN OUT 


0(DD) 


37 


29 


MI3B 


TO MI3A 


38 


30 


Mi2B 


TO MI2A 


39 


31 


+5VA 




40 


32 


MI1B 


TO Mil A 


41 


33 


AGND2 




42 


34 


BIAS 




43 


35 


RECIN 


l(DB) 


44 


— 


N.C. 




45 


36 


REC OUT 


0(DA) 


46 


37 


MM 5 




47 


38 


AGND3 




48 


39 


MM 6 




49 


40 


MM 4 




50 


41 


MI6B 


TO MI6A 


51 


42 


MI8B 


TO MI8A 


52 


43 


MI7B 


TO MI7A 


53 


44 


MI5B 


TO MI5A 


25 


45 


MI8A 


TO MI8B 


26 


46 


MI7A 


TO MI7B 


27 


47 


MI2A 


TO MI2B 


28 


48 


MI1A 


T0MI1B 


29 


49 


MI4A 


TO MI4B 


55 


50 


lAEN 


OA 


56 


- 


^ . 


OA 


57 


51 


TEST 


lA 


58 


52 


XTLI 


IE 


59 


53 


X7L0 


OB 


60 


54 


DGND2 




61 


55 


DGND3 




62 


56 


DSR 


OA 


63 


57 


,CT$ 


OA 


64 


58 


.DCD 


OA 


65 


59 


CI/HS 


OA 


66 


- 


NMI 


lA 


67 


60 


m 


OA 


68 


61 


Rl 


OA 


1 


62 


DCDL 


OA 


2 


63 


IDLEN 


lA 


3 


64 


RING 


lA 


Notes: 








1. Ml = 


Modem Interconne 


ction (e.g., MI7), se 


e Figure 3. 


2. N.C. 


= No Connection, 


eave pin disconnec 


ted (open). 


3. I/Oty 
Tabl€ 


pes are described 
i 7 (analog signals 


in Table 6 (digital s 


gnals) and in 



68-Pln PLCC 


64.Pin QUIP 


Signal 




Pin Number 


Pin Number 


Ubel 


I/O Type 


4 


1 


HRP 


lA 


5 


2 


HWT 


lA 


6 


3 


HCS 


lA 


7 


4 


NVRCS 


OA 


8 


5 


HA2 


lA 


9 


— 


A/A1 


OA 


10 


6 


HA1 


lA 


11 


7 


HAO 


lA 


12 


8 


IDLEN 


1 


13 


9 


NVR,$K 


OA 


14 


10 


RESET 


lA 


15 


11 


+5VDC 


lA 


16 


12 


HINT 


OA 


17 


13 


HDIS 


OA 


18 


14 


TLKRELAY 


OA 


19 


15 


NVRDIQ 


lA/OA 


20 


16 


SPKRH 


OA 


21 


17 


SPKRL 


OA 


22 


18 


MI6A 


TO MI6B 


23 


19 


MI5A 


TO MI5B 


24 


20 


MI3A 


TO MI3B 


54 


21 


OHRELAY 


OD 


30 


22 


-5VA 




31 


23 


MHO 




32 


24 


Mill 




33 


25 


AGND1 




34 


26 


MI4B 


TO MI4A 


35 


27 


DGND1 




36 


28 


TRAN OUT 


(DD) 


37 


29 


MI3B 


•T0MI3A 


38 


30 


MI2B 


TO MI2A 


39 


31 


+5VA 




40 


32 


MI1B 


TO Mil A 


41 


33 


AGND2 




42 


34 


BIAS 




43 


35 


RECIN 


l(DB) 


44 


_ 


N.C. 




45 


36 


REC OUT 


0(DA) 


46 


37 


MM 5 




47 


38 


AGND3 




48 


39 


MI16 




49 


40 


MM 4 




50 


41 


MI6B 


TO MI6A 


51 


42 


MI8B 


TO MI8A 


52 


43 


MI7B 


TO MI7A 


53 


44 


MI5B 


TO MI5A 


25 


45 


MI8A 


TO MI8B 


26 


46 


MI7A 


TO MI7B 


27 


47 


MI2A 


TO MI2B 


28 


48 


MI1A 


TO MM B 


29 


49 


MI4A 


TO MI4B 


55 


50 


lAEN 


OA 


56 


- 


4>2 


OA 


57 


51 


TEST 


lA 


58 


52 


XTLI 


IE 


59 


53 


X7L0 


OB 


60 


54 


DGND2 




61 


55 


DGND3 




62 


56 


HDO 


lA/OA 


63 


57 


HD1 


lA/OA 


64 


58 


HD2 


lA/OA 


65 


59 


tm 


lA/OA 


66 


_ 


NMI 


lA 


67 


60 


HD4 


lA/OA 


68 


61 


HD5 


lA/OA 


1 


62 


HD6 


lA/OA 


2 


63 


HP7 


lA/OA 


3 


64 


RING 


lA 


Notes: 




1. Ml = 


Modem Interconnection (e.g., MI7), see Figure 3. 


2. N.C. 


= No Connection, leave pin disconnected (open). 


3.. I/Otv 


pes are described in Table 6 (digital signals) and in 


Table 


i 7 (analog signals). 
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Table 5-a. RC224AT/2 DSP Pin Assignments-Serial 



Table 5-b. RC224AT/2 DSP Pin Assignments-Parallel 



68-Plll PLCC 


64-Pin QUiP 


Signal 


I/O 


Pin Number 


Pin Number 


Lubei 


Type 


1 


1 


lAEN 


OA 


2 


2 


MI5 




3 


3 


IDLEN 


lA 


4 


4 


RING 


lA 


5 


5 


Mt8 




6 


6 


Jdl3L 




7 


7 


DQDl 


OA 


8 


8 


DTRL 


OA 


9 


_ 


N,C, 




10 


9 


EBWT 


OA 


11 


10 


EBRD 


OA 


12 


11 


EBALE 


OA 


13 


12 


XTLI 


IE 


14 


13 


XTLO 


OB 


15 


14 


+5VDC 




16 


15 


DGND 




17 


16 


DGND 




18 


17 


P§R 


OA 


19 


18 


£IS 


OA 


20 


19 


i2PD 


OA 


21 


20 


_QI/HS 


OA 


22 


21 


MROEST 


OA 


23 


22 


Rl 


OA 


24 


23 


SPKRL 


OA 


25 


24 


SPKRH 


OA 


26 


_ 


N.C. 




27 


25 


A/A1 


OA 


28 


26 


AAE 


OA 


29 


27 


NVRDI 


OA 


30 


28 


Mi. 




31 


29 


OTR 


lA 


32 


30 


SEREN 


lA 


33 


31 


SPARE 


lA 


34 


32 


NVRDO 


lA 


35 


33 


NVRCS 


OA 


36 


34 


NVP$K 


OA 


37 


35 


TXD 


lA 


38 


36 


SPARE 


OA 


39 


37 


SPARE 


lA 


40 


38 


SPKREN 


OA 


41 


39 


RXD 


OA 


42 


40 


SPARE 


OA 


43 


- 


KQr 




44 


41 


EeQ91 


OA 


45 


42 


EBCS2 


OA 


46 


43 


MI7 




47 


44 


MI2 




48 


45 


RESET 


IB 


49 


46 


+5VDC 




50 


47 


+5VDC 




51 


48 


DGND 




52 


49 


D0/A4 


lA/OA 


53 


50 


D1/A5 


lA/OA 


54 


51 


D2/A6 


lA/OA 


55 


52 


D3/A7 


lA/OA 


56 


53 


D4/A8 


lA/OA 


57 


54 


D5/A9 


lA/OA 


58 


55 


D6/A10 


lA/OA 


59 


56 


D7/A11 


lA/OA 


60 


— 


N.C. 




61 


57 


AO 


OA 


62 


58 


A1 


OA 


63 


59 


A2 


OA 


64 


60 


A3 


OA 


65 


61 


A12 


OA 


66 


62 


MI6 




67 


63 


MI4 




68 


64 


MM 




NOTES: 


1 . Ml = Modem Interconnection (e.g., MI7), see Figure 3. 


2. N.C. = No Connection, leave pin disconnected (open). 


3. I/O types are described in Table 6 (digital signals) and in 


Table 7 (analog signals), respectively. 



68-Pin PLCC 


64-Pln QUiP 


Signal 


I/O 


Pin Number 


Pin Number 


Ubel 


Type 


1 


1 


lAEN 


OA 


2 


2 


MI5 




3 


3 


IDLEN 


lA 


4 


4 


RING 


lA 


5 


5 


MI8 




6 


6 


MI3 




7 


7 


HDIS 


OA 


8 


8 


HINT 


OA 


9 


_ 


N,C, 




10 


9 


EBWT 


OA 


11 


10 


EBRD 


OA 


12 


11 


EBALE 


OA 


13 


12 


XTLI 


IE 


14 


13 


XTLO 


OB 


15 


14 


+5VDC 




16 


15 


DGND 




17 


16 


DGND 




18 


17 


HDO 


lA/OA 


19 


18 


HD1 


lA/OA 


20 


19 


HD2 


lA/OA 


21 


20 


HD3 


lA/OA 


22 


21 


HD4 


lA/OA 


23 


22 


HD5 


lA/OA 


24 


23 


HD6 


l/VOA 


25 


24 


HD7 


lA/OA 


26 


_ 


N.C. 




27 


25 


HAO 


lA 


28 


26 


HA1 


lA 


29 


27 


HA2 


lA 


30 


28 


SPARE 




31 


29 


HCS 


lA 


32 


30 


HWT 


lA 


33 


31 


HRD 


lA 


34 


32 


NVRDO 


lA 


35 


33 


NVRCS 


OA 


36 


34 


NVRSK 


OA 


37 


35 


NVRDI 


OA 


38 


36 


A/A1 


OA 


39 


37 


MI9 




40 


38 


SPKRL 


OA 


41 


39 


SPKRH 


OA 


42 


40 


SPKREN 


OA 


43 


- 


N,Q. , 




44 


41 


EBCS1 


OA 


45 


42 


EBCS2 


OA 


46 


43 


MI7 




47 


44 


MI2 




48 


45 


RESET 


IB 


49 


46 


+5VDC 




50 


47 


+5VDC 




51 


48 


DGND 




52 


49 


D0/A4 


lA/OA 


53 


50 


D1/A5 


lA/OA 


54 


51 


D2/A6 


lA/OA 


55 


52 


D3/A7 


lA/OA 


56 


53 


D4/A8 


lA/OA 


57 


54 


D5/A9 


lA/OA 


58 


55 


D6/A10 


lA/OA 


59 


56 


D7/A11 


lA/OA 


60 


- 


N.C. 




61 


57 


AO 


OA 


62 


58 


A1 


OA 


63 


59 


A2 


OA 


64 


60 


A3 


OA 


65 


61 


A12 


OA 


66 


62 


MI6 




67 


63 


MI4 




68 


64 


MM 




NOTES: 


1 . Ml = Modem Interconnection (e.g., MI7), see Figure 3. 


2. N.C. = No Connection, leave pin disconnected (open). 


3. I/O types are described in Table 6 (digital signals) and in 


Table 7 (analog signals), respectively. 
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Table 5-c. RC224AT/2 lA Pin Assignments 



44-Pin PLCC 


40-Pin DIP 


Signal 


I/O 


Pin Numi>er 


Pin Number 


Label 


Type 


1 


_ 


N.C. 




2 


1 


AGND4 




3 


2 


Mil 4 




4 


3 


Mi6 




5 


4 


MI8 




6 


_ 


N.C. 




7 


5 


Mi7 




8 


6 


AGND6 




9 


7 


DGND2 




10 


8 


Mi5 




11 


9 


-5VA 




12 


10 


RESELTC 


iA 


13 


11 


FOR 


iA/OA 


14 


12 


MI9 




15 


13 


Mil 8 




16 


14 


TLKRELAY 


OD 


17 


15 


OHRELAY 


OD 


18 


16 


Mil 9 




19 


17 


DGND3 




20 


18 


-5VA 




21 


19 


MilO 




22 


20 


Mill 




23 


21 


AGND1 




24 


22 


Mi13 




25 


23 


MI4 




26 


24 


AGND5 




27 


25 


DGND1 




28 


_ 


N.C. 




29 


26 


Mil 7 




30 


27 


IRAN OUT 


0(DD) 


31 


28 


MI3 




32 


29 


Mi2 




33 


30 


+5VA 




34 


31 


Mil 




35 


32 


AGND2 




36 


33 


BiAS 




37 


34 


RECiN 


i(DB) 


38 


35 


RECOUT 


0(DA) 


39 


- 


N.C. 




40 


36 


Mil 2 




41 


37 


Mil 5 




42 


38 


AGND3 




43 


39 


+5VA 




44 


40 


Mil 6 




LEGEND: 




1. Ml = Modem Interconnectio 


n (e.g., Mi7), see Figure 3. 


2. N.C. = No Connection, ieav 


5 pin disconnected (open). 
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Figure 5-a. RC224AT/2 Interface Signals-Serial Interface 
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Figure 5-b. RC224AT/2 Interface Signals-Parallel Interface 
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Table 6. Digital Interface Characteristics 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Test Conditions' 


Input High Voltage 
Type A 
TypeB 


VlH 


2.0 
2.4 




Vcc 
Vcc 


Vdc 




Input Low Voltage 
Types A&B 


ViL 


-0.3 




0.8 


Vdc 




Input Leakage Current 

Type A (Non-multiplexed) 


llN 






±10 


nAdc 


ViN = to Vcc 


Output High Voltage 
Type A 
TypeD 


VOH 


2.4 


_ 


Vcc 


Vdc 


Iload= -IOOmA 
Load = mA 


Output Low Voltage 
Type A 
TypeD 


Vol 


- 


0.75 


0.4 


Vdc 


Iload = 1 -6 mA 
Iload= 15 mA 


Three-State (Off) 
Type A Output 


Its 






±25 


mAI 


ViN = 0.8 V to 4.5 V 


Power Dissipation 
DSP Operating 
DSP Power Down 
lA Operating 
lA Power Down 


Pd 


_ 


125 
22 

180 
15 


180 
30 

350 
20 


mW 
mW 
mW 
mW 




Note: 

1 . Test Conditions: Ta = 0"C to 70*C. Vcc = 5V ± 5%, (unless othenwise stated). 




Table 7. Analog Interface Characteristics 



Name 


Type 


Characteristic 


REC OUT 


DA 


1 458 type op amp output 


RECIN 


DB 


1 458 type op amp input 


TRAN OUT 


DD 


1 458 type op amp output 


RXA 


DE 


Input impedance: 68.1 KQ ± 1% 


TXA 


DF 


1 458 type op amp output 
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Table 8. RC224AT Hardware Signal Definitions 



Label I/O Type 


Signal Name/Description 


XTLI IE 
XTLO OB 


OVERHEAD SIGNALS 

Crystal/Clock In. The RC224AT DSP must be connected to an external crystal circuit consisting of 
a 12.000393 MHz crystal and a suitable capacitance network. Alternatively, XTLI may be driven 
with a buffered clock. 

Crystal Out. Crystal return (crystal input on XTLI) or not connected (clock input on XTLI). 


RESET IB 
POR lA 


Reset. The active low RESET input resets the internal DSP and lA logic (RC224AT/1) or the DSP 
logic (RC224AT/2). Upon a transition of RESET from high to low, the AT command set returns to 
the original factory default values and "stored values" in NVRAM. During DSP power turn-on, 
RESET must be held low for at least 2 milliseconds after Vcc operating voltage is attained for the 
internal DSP clock oscillator to stabilize. 


Serial Interface (RC224AT/1). The RESET input can be connected to an external RC network to 
cause the DSP to reset upon power turn on. 


Serial Interface (RC224AT/2). The DSP RESET input may be connected to the 1 A POR output 
whereby DSP power-on reset is initiated by the lA via a POR output pulse. With this connection, 
the lA POR output will also initiate a DSP reset if the lA detects a low power condition. 


Alternatively, DSP RESET may be connected to an external RC circuit to provide power turn-on 
reset. 


Parallel Interface. The RESET input should be connected to the host bus reset line. 

lA Power-On-Reset (RC224AT/2 only). The lA POR output can be used to initiate an external 
reset of the DSP when a low power condition is detected within the lA device. The lA device 
power-on reset circuit monitors the lA +5V supply and outputs a 1 00 ms to 300 ms low pulse on 
POR upon lA +5V turn-on. This pulse is generated regardless of the lA -5V supply level. A 1 ms 
minimum low pulse on POR is also generated when the lA +5V supply drops below 3.5V. 


When DSP RESET and lA POR are tied together, the lA devices pulses POR low upon lA power 
turn-on to begin the POR sequence. The modem is ready to use 350 ms after the low-to-high 
transition of POR. The POR sequence is reinitiated any time the +5V supply drops below +3.5Vfor 
more than 30 ms. POR may also be "wired-or" to an external open collector/drain output. 

NOTE: If the modem is used in applications where the supply voltage can drop below +4.75V but 
not low enough to cause a POR sequence (i.e., <+3.5V), the host system should initiate a reset 
signal upon supply voltage recovery to ensure proper modem initialization and operation. 


Serial interface. The POR pin may be connected to the DSP RESET input to provide an output to 
reset the DSP device. 

Parallel Interface. The POR pin should be left open. 

lA Reset Time Constant (RC224AT/2 only). 


RESET TC lA 

+ 5V 
-5V 
DGND 
AGND 


Serial Interface. The RESET TC input must be connected to an external RC circuit with a long 
time constant if the POR pin is used to reset the DSP device. If POR is unconnected, RESET TC 
may be connected to DSP RESET or pulled high with a resistor to +5V. 


Parallel Interface. The RESET TC input should be connected to the host bus reset line. 
+ 5V Supply. +5V ±5% is required by both the DSP and the lA functions. 
-5V Supply. -5V ±5% is required by the 1 A function. 
Digital Ground. 
Analog Ground. 
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Table 8. RC224AT Hardware Signal Definitions (Cont'd) 



Label 


I/O Type 


Signal Name/Description 






DSP DEVICE/ANCILLIARY SUPPORT 


IDLEN 


lA 


Idle Enable. When IDLEN input is high, the modem enters the sleep (power down) mode after 30 
to 60 seconds of inactivity. IDLEN low disables entry into the sleep mode. 


lAEN 
RING 


OA 
lA 


lA Enable. lAEN output high indicates the DSP is operating in its normal mode. 1 AEN low indicates 
that the DSP is in the sleep (power down) mode. This signal can be used to turn off the 72 ^A bias 
current to the lA in order to reduce analog power consumption during the sleep mode. lAEN can 
also be used to control power to other devices (e.g., as a speaker enable when used with the 
RC224AT/1). 

Ring Frequency. A low going edge on the RING input alerts the modem and removes it from the 
sleep mode. Either a half-wave or a full-wave ring detector can be used with this input. 


A/A1 


OA 


Key Telephone Hold Indicator. A/A1 output low indicates that the telephone line is in use when 
used on multi-line key telephones. Although TIL compatible, this output can be used to sink up to 
5 mA with Vol ^ 0.65 V, making it suitable for opto relay control without the need to provide 
buffering. 






lA/UNE INTERFACE/ANCILLIARY SUPPORT 


TLKRELAY 


OD 


Talk/Data Relay Driver. RC224AT/1 : TLKREUVY Is a TTL compatible output (lot = 1 .6 mA, Vol = 
0.4V). This output can, however, sink up to 5 mA with Vol ^ 0.65 V, making it suitable for opto relay 
control without the need to provide buffering. 




OD 


RC224AT/2: TLKRELAY is an open drain type output that can control a normally closed relay with a 
resistance of greater than 360 ohms. This output is suitable for both mechanical and optical/solid 
state relays. Quenching diodes are built-in to the output, hence there is no need to apply them 
externally when driving a mechanical relay. This output may be used to disconnect the handset 
from the telephone line during a data connection. 


OHRELAY 


Off-Hook Relay Driver. OHRELAY is an open drain type output that can control a normally open 
relay with greater than 360 ohms resistance. This output also has built-in quenching diode 
protection making it suitable for both mechanical and optical/solid state relays. This output Is used 
to connect the modem to the telephone line. 






lA/EXTERNAL FILTER COMPONENTS 


RECIN 


l(DB) 


lA Receiver OP Amp Input. REG IN is the lA input from the RXA input filter circuit (see Figures 6 
and?). 


REG OUT 


0(DA) 


lA Receiver OP Amp Output. REG OUT is the lA output to the RXA input filter circuit (see Figures 
6 and 7). 


TRAN OUT 


0(DD) 


lA Transmitter OP Amp Output. TRAN OUT is the lA output to the TXA output filter circuit. 






EXTERNAL FILTER COiViPONENTS/LINE INTERFACE 


RXA 


l(DE) 


Receive Analog. RXA is an input to the external filter components from a data access 
arrangement (see Figures 6 and 7). The input impedance at RXA is determined by R6. R6 is 
selected such that the power at REG OUT is dBm when the maximum signal is applied to RXA. 


TXA 


0(DF) 


Transmit Analog. The TXA output can drive a data access arrangement (see Figures 6 and 7) for 
connection to the public switched telephone network (PSTN). The transmitter output impedance is 
that of a 1458 type operational amplifier output. The output level Is determined by R8. 






NVRAM INTERFACE 


NVRCS 


OA 


NVRAM Chip Select. NVRGS output HIGH enables the NVRAM. 


NVRSK 


OA 


NVRAM Shift Clock. The NVRSK output Is used to shift data to or from the NVRAM. 


NVRDIO 


lA/OA 


NVRAM Data in/NVRAM Data Out (RC224AT/1 only). NVRDIO carries both the serial input data 
from the NVRAM and the serial output to the NVRAM. Depending on the specific NVRAM used, a 
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Table 8. RC224AT Hardware Signal Definition (Cont'd) 



Label I/O Type 


Signal Name/Description 


NVRDI 


OA 


NVRAM Data In (RC224AT/2 only). The NVRDI output supplies serial data to the NVRAM Dl serial 
data input pin. 


NVRDO 


lA 


NVRAM Data Out (RC224AT/2 only). The NVRDO input accepts serial data from the NVRAM DO 
serial data output pin. 






SPEAKER INTERFACE 


SPKREN 


OA 
OA 
OA 


Speaker Enable (RC224AT/2 Only). SPKREN output can be used to control power to a speaker 
driver. SPKREN high turns the speaker on. 

Speaker High. Active low (RC224AT/1) or active high (RC224AT/2) output signal that can be 
used with SPKRL/SPKRL to control the speaker volume. 

Speaker Low. Active low (RC224AT/1) or active high (RC224AT/2) output signal that can be used 
with SPKRH/SPKRH to control the speaker volume. When the AT command set is used for volume 


SPKRH/SPKRH 


SPKRL/SPKRL 


control, SPKRH/SPKRH and SPKRL/SPKRL react as follows: 






RC224AT/1 RC224AT/2 


Volume AT Command SPKRH SPKRL SPKRH SPKRL 

Off MO H H L L 
Low L0,L1 H L L H 
Medium L2 L H H L 
High L3 . L L H H 




lA 


ASYNCHRONOUS SERIAL HOST INTERFACE (SERIAL INTERFACE ONLY) 


SEREN 


Serial Interface Enable. When the SEREN input is connected to ground, the serial interface is 
selected upon power turn-on. The serial interface signals can be connected to the V.24/RS-232-C 
and indicator interfaces as shown in Figures 3-a and 5-a. 


RXD 


OA 


Received Data. The modem presents received serial data to the host on the RXD output. 


TXD 


lA 


Transmitted Data. The modem obtains serial data to be transmitted from the host on the TXD 
input. 


DCD 


OA 


Data Carrier Detected. DCD is controlled by the AT&C command. 
The data detect threshold is -43 dBm. The turn-off level is ^ -48 dBm. 


DSR 


OA 


Data Set Ready. DSR output is controlled by the AT&Sn command. 

DSR OFF (high) indicates thatjhe host is to disregard all signals appearing on the interchange 
circuits except Ring Indicator (Rl). 


W\ 


OA 


Ring Indicator. Rl output ON (low) indicates the presence of an ON segment of a ring signal on 
the telephone line. (Thejing signal cycle is typically two seconds ON, four seconds OFF.) The OFF 
(high) condition of the Rl output is maintained during the OFF segment of the ring cycle (between 
rings) and at all other times when ringing is not being received. 

Rl will respond to a RING input signal with frequencies greater than 15.3 Hz, making the modem 
device compatible with both have-wave and full-wave detectors. 


CTS 


OA 


Clear To Send. In asynchronous mode; CTS output is controlled by the AT&QO command (always 
ON). 

In synchronous mode, CTS ON indicates that the modem will transmit any data present on TXD. 


DTR 


OA 


Data Terminal Ready. DTR input on (low) indicates that the DTE is ready to operate. DTR input 
OFF (high) indicates that the DTE is not ready to operate. 


DTRL 


OA 


DTR Indicator. DTRL output is controlled by the AT&Dn command. 


CI/HS 


OA 


Calling Indicator/High Speed Indicator. CF/HS output low indicates modem connection at 2400 
bps. 
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Table 8. RC224AT Hardware Signal Definitions (Cont'd) 



Label 



I/O Type 



Signal Name/Description 



DCDL 
MR/TEST 



OA 
OA 



DCD Indicator. DCDL output is controlled by the AT&Cn command, 

IVIodem Ready/Test. MR/TEST output low indicates that the modem is ready, i.e., modem power is 
on and a test m ode is not selected. In a test mode, the MR/TEST output pulses to flash the 
Modem Ready/Test indicator. 



HA0-HA2 



lA 



HD0-HD7 


lA/C 


HCS 


lA 


HRD 


lA 


HWT 


lA 


HDIS 


OA 



HINT 



OA 



PARALLEL HOST INTERFACE (PARALLEL INTERFACE ONLY) 

When the HWT input signal is connected to the host bus write line, the parallel interface is selected 
upon power turn-on. The parallel interface emulates a 1 6C450 UART interface. The parallel 
interface is compatible with communications software designed to operate with a 16C450 interface 
on an IBM PC. Table 9 identifies the parallel interface registers. 

Parallel interface ope ration is equivalent to 16C450 operation with CSO and CS1 inputs high and 
DISTR, DOSTR, and ADS inputs low. The corresponding RC224AT and 1 6C450 signals are shown 
below. 1 6C450 signals not required for RC224AT host computer operation are not shown. 



16C450 Signal 


RC224AT Signal 


A0-A2 


HAO - HA2 


D0-D7 


HDO - HD7 


MR 


RESET (Active low) 


CS2 


HCS 


DISTR 


HWT 


DOSTR 


HRD 


INTRPT 


HINT 


DDIS 


HDIS 


0UT1 


None (Implemented internally in RC224AT) 


0UT2 


None (Implemented internally in RC224AT) 



Host Bus Address Lines 0-2. During a host read or write operation, HA0-HA2 select an internal 
DSP 16C450-compatible register. The state of the divisor latch access bit (DLAB) affects the 
selection of certain DSP registers. DLAB must be set high to access the baud generator divisor 
latches. 

Host Bus Data Lines 0-7. HD0-HD7 are comprised of eight tri-state input/output lines providing 
bidirectional communication between the host and the DSP. Data, control words, and status 
information are transferred through HD0-HD7. 

Host Bus Chip Select. HCS input low selects the host bus. 

Host Bu s Rea d. HRD is an active low, 8086-compatible read control input. When the DSP is 
selected, HRD low allows the host to read status information or data from a selected DSP register. 

Host Bu s Writ e. HWT is an active low, 8086-compatible write control input. When the DSP is 
selected, HWT low allows the host to write data or control words into a selected DSP register. 

Host Bus Driv er. H DIS outpu t is low w hen th e host is reading data from the DSP over the host 
data bus (both HRD and HCS are low). HDIS is also used to disable the external transceiver 
drivers whenever the host is not reading data from the DSP. 

Host Bus interrupt. HINT output is set high when the receiver error flag, received data available, 
transmitter holding register empty, or modem status interrupt has an active high condition. HINT is 
reset low upon the appropriate interrupt service or master reset operation. 
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Table 8. RC224AT Hardware Signal Definition (Cont'd) 



Label 


I/O Type 


Signal Name/Description 






EXPANSION BUS INTERFACE (RC224AT/2 only) 


AAE 


OA 


Auto Answer Enable. AAE output low indicates tliat modem auto answer mode has been enabled 
with the SO = command. AAE high indicates auto answer has been disabled. 


A0-A3, A12 


OA 


Address Lines 0-3 and 1Z A0-A3 and A12 are the expansion bus dedicated address lines. 


D0-D7/A4.A11 


lA/OA 


Data Lines 0-7/Address Lines 4-11. D0-D7/A4-A1 1 are the expansion bus multiplexed 
data/address lines. 


EBALE 


OA 
OA 
OA 
OA 
OA 


Expansion Bus Address Latch Enable. A negative transition on EBALE output latches the 
address on the multiplexed address/data bus. 


EBCS1 


Expansion Bus Chip Select 1 . When EBGS1 is low, an address in the $4000-$BFFF address 
range (32k bytes) is selected. 


EBCS2 


Expansion Bus Chip Select 2. When EBCS2 is low, an address in the $2000-$3FFF address 
range (8k bytes) is selected. 


EBRD 


Expansion Bus Read Enable. When EBRD is low, data is transferred to the DSP from data lines 
D0-D7. 


EBWT 


Expansion Bus Write Enable. When EBWT is low, data is output from the DSP to data lines 
D0-D7. 
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Table 9. RC224AT Parallel Interface Registers 



Register 
Number 


Register 
Name 


Bit 1 


7 


6 


5 


4 


3 


2 


1 





7 


Scratch 
Register 
(SCR) 


Scratch Register 


6 


Modem 
Status 
Register 
(MSR) 


Data 
Carrier 
Detect 
(DCD) 


Ring 

Indicator 

(Rl) 


Data 

Set 

Ready 

(DSR) 


Clear 

to 
Send 
(CTS) 


Delta 

Data 

Carrier 

Detect 

(DDCD) 


Trailing 
Edge Ring 
Indicator 

(TERI) 


Delta 

Data 

Set 

Ready 

(DDSR) 


Delta 

Clear 

to Send 

(DOTS) 


5 


Line 

Status 

Register 

(LSR) 





Transmitter 
Empty 
(TEMT) 


Transmitter 
Holding 
Register 
(THRE) 


Break 

Interrupt 

(Bl) 


Framing 
Error 
(FE) 


Parity 
Error 
(PE) 


Overrun 
Error 
(OE) 


Data 
Ready 
(DR) 


4 


Modem 
Control 
Register 
(MCR) 











Loop 


Out 2 


Out1 


Request 
to Send 
(RTS) 


Data 

Terminal 

Ready 

(DTR) 


3 


Line 
Control 
Register 

(LCR) 


Divisor 
Latch 
Access 

Bit 
(DLAB) 


Set 
Break 


Stick 
Parity 


Even 
Parity 
Select 
(EPS) 


Parity 
Enable 
(PEN) 


Number of 

Stop Bits 

(STB) 


Word 
Length 
Select 

Bit 1 
(WLS1) 


Word 
Length 
Select 

Bit 
(WLSO) 


2 


Interrupt 

Identify 

Register 

(IIR) 

(Read Only) 

















Interrupt 

ID 

Bit (1) 


Interrupt 

ID 
Bit (0) 


"0" if 
Interrupt 
Pending 


1 
DLAB = 


Interrupt 

Enable 

Register 

(lER) 














Enable 
MODEM 

Status 
Interrupt 
(EDSSI) 


Enable 

Receiver 

Line Status 

Interrupt 

(ELSI) 


Enable 
Transmitter 
Holding 
Register 
Empty 
Interrupt 
(ETBEI) 


Enable 
Received 

Data 
Available 
Interrupt 

(ERBFI) 



DLAB = 


Transmitter 

Holding 

Register 

(THR) 


transmitter Holding Register (Write Only) 



DLAB = 


Receiver 
Buffer 

Register 
(RBR) 


Receiver Buffer Register (Ready Only) 


1 
DLAB = 1 


Divisor 

Latch (MSB) 

Register 

(DLM) 


Divisor Latch (MS) 



DLAB = 1 


Divisor 

Latch (LSB) 

Register 

(DLL) 


Divisor Latch (LS) 
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C12 
47 pF 5% 



TT 
-X- 



- C13 
56 pF 5% 



SERIAL 
INTERFACE 




68-PIN 
PLCC ONLY 






P 



+ 5V 
TES T 

NMi (68-PIN PLCC 
ONLY) 

XTL1 



MR 

AAE 

^DL 

CI/HS 

RXD 

PCD 

DSR 

Rl 

CTS 

TXD 

DTR/ID LE 

SEREN 

SPARE 

SPARE 

SPARE 

SPARE 



OHRELAY 
TRAN OUT 



RC224AT/1 
U1 



A/A1 

02 

N.C. 

NVRCS 
NVRSK 
NVRDIO 



DGND1 
DGN02 
DGN03 



AGND1 
AGND2 



REC OUT 
MHO 

Mill 
MI14 

MI15 

Mi16 
MI1A 
MI1B 
MI2A 
MI2B 
Mi3A 
MI3B 
Mi4A 
MI4B 
MI5A 
MI5B 
MI6A 
MI6B 
Mi7A 
MI7B 
MI8A 
MI8B 
BIAS 



SPKRN 
SPKRL 



I DLEN 
RING 



+ 5VA CI 8 

tO.10 
—II 



-5VA CI 9 

t0.10 
— Ih- 



SELECTED 




R2 
68. IK 

1% 



T C21 
dp 1000 pF 

J 5% 



R6 
SELECTED 



«> ffo 






ZD 



C20 
0.10 



> R4 
F47K 




-►+5VA 



Figure 6-a. Recommended RC224AT/1 Circuit - Serial 
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CI 4 
0.10 



CI 2 
47 pF 5% 



_ C13 
- 56pF5% 



■hSV 
TEST 

NNii (68-PIN PLCC 
ONLY) 

XTL1 



HOST 

PARALLEL 

BUS 



HDIS 
H5S 
HRD 
HWT 
HINT 
HAO 
HA1 
HA2 
HDO 
HD1 
HD2 
HD3 
HD4 
HDS 
HD6 
HD7 



TLKRELAY 
OHRELAY 
TRAN OUT 



+ 5VA CI 8 

tO.10 
—II 



-5VA CIS 



R8 
SELECTED 

1% 



1000 pF 5<»b 
II 



^ 



RC224AT/1 
U1 




. C24 



68-PIN 
PLCC ONLY 






A/A1 

02 

N.C. 

NVRCS 
NVRSK 
NVRDIO 



0GND1 
DGND2 
DGND3 



AGND1 
AGND2 
AGND3 




R6 
SELECTED 

1% 



^•(-SVA 



SPKRL 
IDLEN 



Figure 6-b. Recommended RC224AT/1 Circuit - Parallel 
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Figure 7-a. Recommended RC224AT/2 Circuit - Serial 
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Figure 7-b. Recommended RC224AT/2 Circuit - Parailei 
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GENERAL SPECIFICATIONS 



Modem Power Requirements 







Current (Typical) 


Current (Maximum) 


Voltage 


Tolerance 


@25X 


@0X 


Operating 








+ 5VDC 


±5% 


44 mA 


71 mA 


-5VDC 


±5% 


17 mA 


35 mA 


Sleep (Power Down) 








+5VDC 


±5% 


5.9 mA 


8.0 mA 


-5VDC 


±5% 


1.5 mA 


2.0 mA 


Note: Input voltage ripple ^ 


0.1 volts peak-to-peak. 







Modem Environmental Specifications 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 

Altitude 


0** to + 60« (32** F to 140*» F) 

- 40** C to + 80" (-40° F to 1 76« F) (Stored in heat sealed antistatic bag and shipping container). 

Up to $0% noncondensing, or a wet bulb temperature up to 35** 0, whichever Is less. 

-200 feet to +10,000 feet 



Typical Crystal Specifications 



Parameter 


Value 


Operating Temperature 


O'C to SO'C 


Storage Temperature 


-55''Cto 85°C 


Nominal Frequency @ 25°C 


12.000393 MHz 


Frequency Tolerance @ 25°C 


±0.0020% (±20 PPM) 


Temperature Stability @ Ta = O'C to 50°C 


±0.0030% (±10 PPM) 


Calibration Mode 


Parallel resonant 


Shunt Capacitance 


7 pF max. 


Load Capacitance 


32±0.3pF 


Drive Level 


2.5 mW max. 


Aging, per Year Max. 


0.0005% (± 5 PPM) 


Oscillation Mode 


Fundamental 


Series Resistance 


60 ohms max., tested at 20 nW 


Max. Frequency Variation with 28.8 or 35.2 pF Load Capacitance 


±0.0020% (±20 PPM) 


Third Lead and Sleeving 


Required 
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PACKAGE DIMENSIONS 





SEATING 
PLANE 



TOP VIEW 

CHAM. J X 45 DEG. 



SIDE VIEW 




i 



■ - 

01 - 

- D3- 



KTT 



CHAM. 

h X 45 

3 PLCS 


DEG 


EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY (TYP.) 




BOTTOM 


VIEW 



TYP. FOR EACH AXIS 
(EXCEPT FOR BEVELED EDGE) 

SECTION A-A 



_/j— TT A2 



DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


25.02 25.27 


0.985 0.995 


D1 


24.00 24.26 


0.945 0.955 


D2 


20.19 20.45 


0.795 0.805 


D3 


23.24 23.50 


0.915 0.925 


e 


1.27 BSC 


0.050 BSC 


h 


0.254 TYP 


0.010 TYP 


J 


1.15TYP 


0.045 TYP 


a 


45* TYP 


45" TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


0.254 TYP 


0.010 TYP 



68-Pin PLCC 



I.UUUUUUUUUUU ' 

TOP VIEW 

CHAM. J X 45 DEG. 





SEATING 
PLANE 



SIDE VIEW 




• D - 
■ Dl- 
■03- 




EXT 



T ^^ 



EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY CTYP.1 



BOTTOM VIEW 



TYP. FOR EACH AXIS 
(EXCEPT FOR BEVELED EDGE] 



SECTION A-A 



DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


17.45 17.60 


0.687 0.693 


01 


16.46 16.56 


0.648 0.652 


02 


12.62 12.78 


0.497 0.503 


03 


15.75 REF 


0.620 REF 


e 


1.27 BSC 


0.050 BSC 


h 


0.254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


a 


45' TYP 


45' TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


0.254 TYP 


0.010 TYP 



44-Pin PLCC 
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PACKAGE DIMENSIONS 




ITITHTlTlTITIilT 
•IK" HK 




DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


41.10 41.61 


1.618 1.638 


B 


17.02 17.23 


0.670 0.690 


C 


3.56 4.58 


0.140 0.180 


D 


0.48 0.56 


0.018 0.022 


El 


19.05 BSC 


0.750 BSC 


E2 


23.50 BSC 


0.925 BSC 


G 


1.27 BSC 


0.050 BSC 


J 


0.18 0.33 


0.007 0.013 


K1 


2.92 3.18 


0.115 0.125 


K2 


4.83 5.34 


0.190 0.210 



64-Pin Plastic QUIP 



nr\r\rtnnnnr\r^nnr>nnr\r^r,nn 



UUUUUUUUUUUUUUUUUUUU 

I A • 




DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


51.82 52.32 


2.040 2.060 


B 


13.46 13.97 


0.530 0.550 


C 


3.56 5.08 


0.140 0.200 


D 


0.38 0.53 


0.015 0.021 


F 


1.02 1.52 


0.040 0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 2.16 


0.065 0.085 


J 


0.20 0.30 


0.008 0.012 


K 


3.05 3.56 


0.120 0.140 


L 


15.24 BSC 


0.600 BSC 


M 


r 10- 


r 10* 


N 


0.51 1.02 


0.020 0.040 



40-Pin Plastic DIP 
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INTRODUCTION 

The RC224EB Evaluation Module is a 2400 bps full-duplex 
modem on a PC half-card. The RC224EB is compatible 
with IBM PC, PC/XT, and PC/AT personal computers. 

Incorporating the Rockwell RC224AT 2400 bps full-duplex 
modem device set, the RC224EB complies with CCITT 
V.22 bis and V.22 A/B. and meets Bell 21 2A and 103 
interfaces. The RC224EB also implements a 
Hayes-2400B-compatible "AT" command set. 

The RC224EB contains circuitry that demonstrates the 
complete performance and interface capability of the 
RC224AT device set. In addition to the 2-device modem 
set, the evaluation board contains a digital access 
arrangement (DAA), speaker circuitry and attached 
speaker, eye pattern generation circuitry, an 8k-byte 
PROM socket, and a 1 024-blt non-volatile RAM (NVRAM). 

The full capabilities of the RC224AT device set are 
described In the RC224AT Data Sheet (Order No. MD54). 



FEATURES 

Modem Compatibilities 

- CCITT V.22 bis and V.22 /VB 

- Bell 212A and 103 
Modem Components 

- 2-device RC224AT device set 

- On-board D/\A 

- Speaker circuit and speaker 

- 8k-byte PROM Socket 

- 1024-bit NVRAM 

- Eye Pattern Generator circuit 
PC Hardware Interface 

- PC half-card size 

- IBM PC bus interface 

- 16C450 compatible 
Line/Telephone/Diagnostic Interface 

- 6-pin line interface modular jack 

- 6-pin telephone interface modular jack 

- Eye pattern oscilloscope test points 
• Switches 

- C0M1/C0M2 switch (SW1) 

- Sleep Enable/Disable switch (SW2) 
Software Interface 

- IBM PC Async 

- Hayes Smartcom 1 1 , Version 2. 1 

- Hayes 2400B and 2400 AT command set 
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GENERAL DESCRIPTION 

The RC224AT modem device set consistis of the major 
building blocl(S shown in \Figure 1 . A board layout of the 
RC224EB module is shown in Figure 2. Tables 1 through 
7 show the interface signals and switch positions. 

The Data Access Arrangement (DAA) contained on this 
evaluation board is considered suitable for use on U.S. 
public switch telephone lines, although it has not yet been 
certified by FCC. 

SUPPORTED INTERFACES 

Speaker Interface 

Speaker driver circuitry and a speaker mounted on the 
board is provided. The speaker can be used to monitor call 
progress. The AT command set can be used to adjust the 
speaker volume. 

NVRAM Interface 

A 1024-bit NVRAM is provided. The NVRAM can 
accommodate a user-selectible AT command set 
configuration which can take precedence over the factory 
default setting. 



Expansion ROM Interface 

A socket for an 8k-byte PROM is included. The PROM can 
be used to expand the AT command set. (Refer to 
Application Note Order No^ 830 fdr detail usage 
instaictions.) 

Eye Pattern Generator Interfabe 

Eye pattern generation circuitry is provided. The eye 
pattern generator (EPG) circuit can be used for diagnostic 
purposes. 

Sleep (Power Down) Mode Circuit 

The RC224EB includes power down circuitry which may 
be used to enable or disable sleep mode. If enabled, the 
RC224AT enters sleep mode whenever the modem has 
been inactive for more than one minute. (Note that the 
modem never enters sleep mode while it is in data mode. 
During sleep mode, power is turned off to the Integrated 
analog device, speaker and the MIcroDsp^- (except the 
crystal circuit). The modem returns to full operation 
whenever a ring signal occurs or the host writes to the 
modem. 
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Figure 1. RC224EB General Interface Diagram 
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Table 1. PC Connector PI Pin Signals 



Table 4. Line interface Connector J2 Signals 



Pin 


Signal 


Pin 


Signal 


A2 


HD7 


A22 


A9 


A3 


HD6 


A23 


A8 


A4 


HD5 


A24 


A7 


A5 


HD4 


A25 


A6 


A6 


HD3 


A26 


A5 


A7 


HD2 


A27 


A4 


A8 


HD1 


A28 


A3 


A9 


HDO 


A29 


HA2 


A11 


AEN 


A30 


HA1 






A31 


HAO 



Pin 


Signal 


1 


N.C. 


2 


A1 


3 


Tlp(T) 


4 


Ring (R) 


5 


A 


6 


N.C. 



Table 5. Eye Pattern Test Point Signals 



Table 2. PC Connector P2 Signals 



Pin 


Signal 


Pin 


Signal 


B1 


GND 


813 


HWTP 


B2 


RESET 


814 


HRDP 


B3 


+5V 


824 


IRQ4 


85 


-5V 


825 


IRQ3 


89 


+12V 


829 


+5V 


810 


GND 


831 


GND 



Point 


Signal 


TP1 
TP2 
TP3 
TP4 


EYEY 

EYEY Return (GND) 

EYEX 

EYEX Return (GND) 



Table 6. Switch 1 (SW1) - C0M1/C0M2 



Table 3. Telephone Line Connector J1 Signals 



Point 


Signal 


ON (Up) 
OFF (Down) 


C0M1 
COM2 



Pin 


Signal 


3 
4 


Ring (R) 
Tip(T) 



Table 7. Switch 2 (SW2) - Sleep Enable/Disable 



Position 


Selection 


ON (Toward Switch 1) 
OFF (From Switch 1) 


Sleep Enable 
Sleep Disable 



TEST 
POINTS— *- 

SLEEP 
DISABLE 




oooo 



atj 



^^ ENABLE 
a SWITCH 2 




Figure 2. RC224EB Module Detail 
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HARDWARE INSTALLATION PROCEDURE 

1 . Turn-off the computer system. 

2. Remove the computer cover in accordance with your 
computer's expansion card installation procedures. 

3. Select either C0M1 or COM2 using SW1 (Table 6). 

4. Select either Sleep Enable or Sleep Disable using 
SW2 (Table 7). 

5. Select an available full- or half-card expansion slot to 
install the modem module. Some computers assign 
specific slots to specific functions. (Refer to the your 
computer's expansion card installation guidelines.) 

6. Remove the blank card panel con^esponding to the 
selected expansion slot. Save the screw for 
attaching the modem module. 

7. Install the modem module into the selected expansion 
slot and secure it with the screw. 

8. Connect the cable from the wall telephone jack to the 
LINE plug (upper connector) on the modem module 
rear panel. 

9. Connect the cable from the telephone to the PHONE 
plug (lower connector) on the modem module rear 
panel. 

10. Replace the computer cover. 

1 1 . Restore power to the computer system. 

SOFTWARE INSTALLATION PROCEDURE 

Install the communications software (e. g., CROSSTALK 
XVI or Smartcom il) in accordance with the communication 
software's installation procedure. 

OPERATION 

AT COMMAND SET 

The AT command set is Hayes 2400B compatible. The 
commands are divided into three types; basic commands, 
dial modifiers, and ampersand commands. These 
commands are summarized in Table 8. 

AUTOMATIC OPERATION 

Operate the modem automatically using the 
communication software's high level instructions in 
accordance with the communication software's operating 
procedure. 

(Note: To use communication software that doesn't have 
a 2400 bps setup configuration type the following 
commands in manual terminal mode: ATZ, AT&F 
[OptionaO, AT&C1 , AT&D2, ATS25 = 0, ATVO, and AT&W). 



Table 8. RC224AP "AT" Command Set Summary 



Basic 






Function 


AT 


Attention Code 


A 


Answer Command 


N 


Repeat Last Command 


Bn 


Communications Standard Option 


CI 


Camer Control Option 


D 


Dial Command 


En 


Off-line Character Echo Option 


F1 


On-line Character Echo Option 


Hn 


Switch Hook Control Option 


In 


Identification/Checksum Option 


Ln 


Speaker Volume Option 


Mn 


Speaker Control Option 


On 


On-line Command 


P 


Pulse Dial 


Qn 


Result Code Display Option 


Sn 


Select an S Register 


Sn= 


Write to an 8 Register 


Sn? 


Read an S Register 


T 


Touch Tone Dial 


Vn 


Result Code Form Option 


Xn 


Result Code Set/Call Progress Option 


Yn 


Long Space Disconnect Optton 


Zn 


Recall Stored Profile Command 


+++ 


Escape Code Sequence 




Pause 


Dial 




Modifiars 


Function 


P 


Pulse Dial 


R 


Originate Call in Answer Mode 


S=:n 


Dial stored Number 


T 


Touch Tone Dial 


W 


WaH for Dial Tone 


J 


Return to Idle State 


@ 


Walt for Quiet Answer Command 


! 


Flash Hook 


, 


Pause 


0-9 


Dial Digits/Characters 


A,B.C,D 




#,* 




Amparsand 




Commanda 


Function 


&Cn 


Data Carrier Detect Option 


&Dn 


Data Tenninal Ready Option 


&F 


Load Factory Defaults 


&Gn 


Guard Tone Option 


&Jn 


Auxiliary Relay Control 


&Mn 


Communications Mode Option 


&Pn 


Make to Break Ratio Selection 


&Qn 


Communications Mode Option 


&Sn 


Data Set Ready Option 


&Tn 


Test Command Selection 


&V 


View Active Configuration and User 




Profiles 


&Wn 


Store Active Profile 


&Xn 


Synchronous Transmit Clock Source 




Option 


&Yn 


Select Stored Profile on Powerup Option 


&Zn=x 


Store Telephone Number 
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MANUAL OPERATION 

Operate the modem manually by issuing "AT" commands 
from the communication software direct access mode. 

Enter an "AT" command by typing the command 
characters. Use the backspace key to correct a typing 
mistake. 

Execute the command by pressing the ENTER (or 
RETURN) key. Two commands, A/ and +++ , execute 
immediately upon character entry, thus, do not require 
pressing of the ENTER key. 

Refer to the OPERATION section of the RC224AT Data 
Sheet (Order No. MD54) for a detail description of the "AT" 
commands. 

NVRAM COMMANDS 

The following "AT" commands can be used to store and to 
recall a telephone number and a subset of the S registers 
from the NVRAM: 

Command Function 

DS=n Dials a stored telephone number. 

Zn Resets the modem and recalls a user profile 

from the NVRAM. 

&F Loads the factory default configuration. 

&V Displays the active configuration and user 

profiles. 

&Wn Saves storage parameters of active 
configuration as a user profile into the 
NVRAM. 

&Zn Stores a telephone number Into the NVRAM. 

Example 

AT&Z0=767-2676 <CR> Stores 767-2676 into the 
NVRAM. 

ATDS=1 Dials the telephone number 
stored in the NVRAM. 

SPEAKER COMMANDS 

The following "AT" commands can be used to control the 
speaker: 

Command Function 

Mn Controls the speaker operation. 

Ln Adjusts the speaker volume. 



EYE PATTERN 

DEFINITION 

The eye pattem is an oscilloscope display of the received 
baseband constellation. By monitoring this constellation, 
an observer can often identify common line disturbances 
as well as defects in the modulation/demodulation 
process. 

In quadrature amplitude modulation (QAM), two multilevel 
amplitude modulated (AM) carriers are transmitted 
simultaneously. Interference between these two 
modulated carriers is minimized by using carriers of 
identical frequency with a constant 90"* relative phase 
angle. After demodulation, the multilevel baseband signals 
can be displayed on an oscilloscope with the set of levels 
received on one carrier displayed on the X axis and the set 
of levels received on the other carrier displayed on the Y 
axis. Since these signals consist of discrete levels sent at 
high data rates, the resulting oscilloscope pattern appears 
to be a fixed set of points. 

Figure 3 illustrates the RC224AT ideal eye patterns for 
2400 bps and 1200 bps. 

EXAMPLES 

Figures 4a through 4d illustrate four examples of an eye 
pattern for V.22A/B with and without impairments. Figure 
4a shows the location of four ideal points. The X and Y 
axes represent decision boundaries used by the receiver 
in deciding which ideal point corresponds to the actual 
received point. Although the transmitter sends ideal 
points, line impaimients cause the received points to be 
misaligned. 

Figure 4b shows the effect of random noise. The received 
points cluster around the ideal location, but are randomly 
offset from the ideal point by the noise causing undesired 
signal modulation. The random offsets are a result of the 
random nature of the noise. If the line impairment is not 
random but periodic or is a function of the received signal 
itself (e.g., hamnonic distortion) then the distribution of 
points around the ideal location is not random. 

Figure 4c illustrates the tangential smearing resulting from 
phase jitter and Figure 4d shows the effect of amplitude 
distortion (either gain jitter or harmonic distortion). The 
magnitude of the spreading is directly proportional to the 
severity of the impairment, and represents the quality of 
the signal or the likelihood of errors in the received data. 




Smartcom 11 is a trademark of Hayes Microcomputer Products. Inc. 
Hayes is a registered trademark of Hayes Microcomputer Products. Inc. 
CROSSTALK XVI is a registered trademark of Digital Communications Associates, 
Inc. 
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Figure 3. Ideal Eye Patterns 
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a) IDEAL EYE PATTERN 



y 



• X AND Y AXIS REPRESENT 
DECISION BOUNDARIES 



c) PHASE JITTER 
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• CONTINUOUSLY PERIODIC 
PHASE SMEARING 

• LITTLE OR NO AMPLITUDE 
SMEARING 



b) WHITE NOISE 



» 
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# 


^^h 



• SMEARING AROUND EACH 
IDEAL LOCATION 



d) HARMONIC DISTORTION 
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i 






.•»•••; 

# 






% 



• NON-PERIODIC AMPLITUDE 
SMEARING 

• LITTLE PHASE EFFECT 

• GAIN-JITTER (AM) EFFECT IS 
SIMILAR AND IS PERIODIC 



*DEGREE OF THE SPREADING OF THE EYE PATTERN IS PROPORTIONAL TO THE SEVERITY OF THE LINE DISTURBANCE 



Figure 4. Typical Eye Patterns Showing Noise 
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GENERAL SPECFICATIONS 



Voltage^ 


Current (NormaO 
@25»C 


Current (Sleep mode) 
@25«C 


+ 5VDC±5% 
+ 12VDC±5% 
-5VDC±5% 


70 mA 
100 mA^ 
20 mA 


9.1mA 

OA 
1.8 mA 


Note: 

1 . Input voltage ripple sO.I volts peak-to-peak. 

2. Only used to power speaker; mA when speaker 
turned off. 



Parameter 


Specification 


Board Structure 


Single PC board Half Card IBM 




PC/XT and PC/AT compatible edge 




connector. 


Dimensions 




Width 


4.20 in. (106.7) 


Length 


5.23 in. (132.7 mm) 



Parameter 


Specification 


Temperature 




Operating 


10*Cto + 40*C 


Storage 


0*Cto + 70*C 




(Stored in heat sealed antistatic bag 




and shipping container) 


Relative Humidity 


Up to 90% noncondensing, or a wet 




bulb temperature up to 35''C, 




whichever Is less. 


Altitude 


-200 feet to -1-10,000 feet 
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INTRODUCTION 

The Rockwell R1212 is a high performance full-duplex 1200 bps 
modem. Using state-of-the-art VLSI and signal processing tech- 
nology, the R1212 provides enhanced performance and reliabil- 
ity. The modem is assembled as a small module with a DIN con- 
nector (R1212M amd R1212DC). 

Being CCITT V. 22 A, B compatible, as well as Bell 212Aand 103 
compatible, the R1212 fits most applications for full-duplex 
1200 bps (synchronous and asynchronous) and to 300 bps 
asynchronous data transmission over the general switched tele- 
phone network, and over point-to-point leased lines. 

The direct-connect, auto dial/answer features are specifically 
designed for remote and central site computer applications. The 
bus interface allows easy integration into a personal computer, 
box modem, microcomputer, terminal or any other communi- 
cations product that demands the utmost in reliability and 
performance. 



FEATURES 

• CCITT V.22 A, B Compatible 

• Bell 21 2A and 1 03 Compatible 

• Synchronous: 1 200 bps, 600 bps ± 0.01 % 

• Asynchronous: 1200 bps, 600 bps +1%, - 2.5%, 
0-300 bps 

— Character Length 8, 9, 10, or 1 1 bits 

• DTE Interface 

— Functional: CCITT V.24 (RS-232-C) (Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL Compatible 

• 2-wire Full-Duplex Operation 

• Adaptive and Fixed Compromise Equalization 

• Test Configurations: 

— Local Analog Loopback 

— Remote Digital Loopback 

— Self Test 

• Auto/Manual Answer 

• Auto/Manual Dial— DTMF Tone or Pulse Dial 

• Power Consumption: 2.3 Watts Typical 

• Power Requirements: -i- 5 Vdc, ± 1 2 Vdc 

• Two Functional Configurations: 

— R1212DC (Direct Connect): DIN connector module with 
FCC approved DAA Part 68 Interface 

— R1212M: DIN connector module without DAA 




R1212M Modem 
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TECHNICAL SPECIFICATIONS 

TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 

The transmitter and signaling frequencies supported in the 
R1212 are listed In Table 1 . 



DTMF Tones: The R1212 generates dual tone multi- 
frequency tones. When the transmission of DTMF tones are 
required, the CRQ and DTMF bits (see Interface Memory 
Definitions)must be set to a 1 . When in this mode, the specific 
DTMF tones generated are decided by loading the dial digit 
register with the appropriate digit as shown in Table 2. 



Table 1. 



Transmitter Carrier and Signaling 
Frequencies Specifications 



Table 2. Dial Digits/Tone Pairs 





Frequency 


Mode 


(Hz ±0.01%) 


V.22 low channel, Originate Mode 


1200 


V.22 high channel, Answer Mode 


2400 


Bell 21 2A high channel Answer Mode 


2400 


Bell 21 2A low channel Originate Mode 


1200 


Bell 103/1 13 Originating Mark 


1270 


Bell 103/1 13 Originating Space 


1070 


Bell 103/1 13 Answer Mark 


2225 


Bell 103/1 13 Answer Space 


2025 



TONE GENERATION 

The specifications for tone generation are as follows: 

1. Answer Tones: The R1212 generates echo disabling tones 
for both the CCITT and Bell configurations, as follows: 

a. CCITT 2100 Hz ±15 Hz. 

b. Bell: 2225 Hz ±10 Hz. 

2. Guard Tones: If GTS (see Interface Memory Definitions) is 
low, an 1800 Hz guard tone frequency is selected; if GTS is 
high, a 553.846 Hz tone is employed. In accordance with the 
CCITT V.22 Recommendation, the level of transmitted power 
for the 1800 Hz guard tone is 6 ± 1 dB below the level of the 
data power in the main channel. The total power transmitted 
to the line is the same whether or not a guard tone is enabled. 
If a 553.846 Hz guard is used. Its transmitted power Is 
3 ± 1 dB below the level of the main channel power, and again 
the overall power transmitted to the line will remain constant 
whether or not a guard tone is enabled. The device accom- 
plishes this by reducing the main channel transmit path gain 
by .97 dB and 1.76 dB for the cases of the 1800 Hz and 
553.846 Hz guard tones respectively. 





Dial 




Hex 


Digits 


Tone Pairs 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


• 


941 1209 


OB 


Spare (B) 


697 1633 


OC 


Spare (C) 


770 1633 


OD 


Spare (D) 


852 1633 


OE 


# 


941 1477 


OF 


Spare (F) 


941 1633 


10 


1300 Hz CaHIng Tone 



TONE DETECTION 

The R1 21 2 detects tones in the 340 ± 5 Hz to 640 ± 5 Hz band. 
Detection Level: -10 dBm to -43 dBm 
Response Time: 17 ± 2 ms 



SIGNALING AND DATA RATES 

The signaling and data rates for the R1212 are defined In 
Table 3. 



Table 3. Signaling and Data Rates 



Operating IVIode 


Signaling Rate (Baud) 


Data Rate 


V.22: 

(Alternative A) 
Model 

Mode iii 

(Alternative B) 
Model 
Mode iii 

Mode ii 

Mode iv 


600 
600 

600 
600 


1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character 

600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character 


Bell 21 2A; 


600 
to 300 


1200 bps ±0.01%, Synchronous/Asynchronous 
to 300 bps Asynchronous 
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DATA ENCODING 

The specifications for data encoding are as follows: 

1. 1200 bps (V.22 and Bell 212A). The transmitted data is 
divided into groups of two consecutive bits (dibits) forming a 
four-point signal structure. 

2. 600 bps (V.22). Each bit is encoded as a phase change rela- 
tive to the phase preceding signal elements. 



EQUALIZERS 

The R1212 provides equalization functions that improve per- 
formance when operating over low quality lines. 

Automatic Adaptive Equalizer— An automatic adaptive equal- 
izer is provided in the receiver circuit for V.22 and Bell 21 2A con- 
figurations. 

Fixed Compromise Equalizer— A fixed compromise equalizer 
is provided in the transmitter. 



TRANSMITTED DATA SPECTRUM 

After making allowance for the nominal specified compromise 
equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within ± 150 microseconds over the frequency range 
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan- 
nel). 



SCRAMBLER/DESCRAMBLER 

The R1212 incorporates a self-synchronizing scrambler- 
/descrambler. In accordance with the CCITT V.22 and the Bell 
21 2A recommendations. 



RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R1 21 2 can adapt to received frequency 
errors of up to ±7 Hz with less than a 0.2 dBm degradation in 
BER performance. 



RECEIVE LEVEL 

The receiver circuit of the R1 21 2 satisfies all specified perform- 
ance requirements for the received line signals from - 1 dBm to 
-48 dBm. The received line signal is measured at the receiver 
analog input RXA. 



TRANSMIT LEVEL 

The R1212M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R1212M can 
be strapped via the host interface memory to accomplish this. 



PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 

The R1212M transmit level is -i-6 dBm to allow a Data Access 
Arrangement (DAA) to be used. The DAA then determines the 
permissive or programmable configuration. 

The R1212DC transmit level is strapped In the permissive mode 
so that the maximum output level is - 1 dBm ±1.0 dBm. 



AUTOMATIC RECONFIGURATION 

The R1212 is capable of automatically configuring itself to the 
compatibility of a remote modem. The R1 21 2 can be in either the 
answer or originate mode for this to occur. The R1 21 2 adaptation 
compatibilities are limited to V.22 A/B (1200 bps), Bell 212, and 
Bell 103. If the R1212 is to originate in a specific configuration, 
the MODE bits (see Interface Memory Definitions) must be set. 



MODEM OPERATION 

Because the modem is implemented in firmware executed by a 
specialized computer (the signal processor), operation can best 
be understood by dividing this section into hardware circuits and 
software circuits. Hardware circuits include all pins on the 
modem connector. Software circuits include configuration, con- 
trol (soft strapping), status, and RAM access routines. 



HARDWARE CIRCUITS 

The functional interconnect diagram (Figure 1) shows the 
modem connected into a system. In this diagram, any point that 
is active when exhibiting the relatively more negative voltage of a 
two voltage system (e.g., Vdc for TTL or -12 Vdc for 
RS-232-C) is called low active and is represented by association 
with a small circle at the signal point. The particular voltage lev- 
els used to represent the binary states do not change the logic 
symbol. Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or open- 
drain) outputs. These signal points include the additional nota- 
tion of a small triangle or a small half-circle (see signal IRQ), 
respe ctivel y. Active low signals are named with an overscore 
(e.g., POR). In deciding whether a clock output is high active or 
low active, the convention followed is to assume that the clocking 
(activating) edge appropriate to the host hardware is a transition 
from the clocks active to its inactive state (i.e., a trailing edge 
trigger). A clock intended to activate logic on its rising edge is 
called low active while a clock intended to activate logic on its 
falling edge is called high active. When a clock input is associ- 
ated with a small circle, the input activates on a falling edge. If 
no circle is shown, the input activates on a rising edge. 

The interconnect signals on Figure 1 are organized into six 
groups of modem operation: overhead signals, V.24 interface 
signals, microprocessor interface signals, DAA signals, analog 
signals, and ancillary signals. Table 4 lists these groups along 
with their corresponding connector pin numbers. The column 
titled "Type" refers to designations found in the Hardware Cir- 
cuits Interface Characteristics (Tables 5 and 6). The six groups 
of hardware circuits are described in the following paragraphs. 
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POWER-ON RESET 

Basic modem operation can be understood most easily by begin- 
ning with the modem configured to default conditions. When the 
mode m is initially energized a signal called Power-On-Reset 
(POR) causes the modem to assume a valid operational state. 
The modem drives pin 1 3C to ground during the beginning of the 
POR sequence. Approximately 1 ms after the low to high transi- 
tion of pin 13C, the modem is ready for normal use. The POR 
sequence is reinitiated anytime the + 5V supply drops below 
+ 3.5V for more than 30 ms, or an external device drives pin 1 3C 
low for at least 3 fis. When an external low input is applied to 
pin 13C, the modem is ready for normal use approximately 
1 ms after the low input is removed. Pin 1 3C is not driven low by 
the modem when the POR sequence is initiated externally. In all 
cases, the POR sequence requires 50 ms to 350 ms to com- 



plete. The R1212 POR sequence leaves the modem configured 
as follows: 

• 1200 bps 

• Asynchronous 

• 1 0-bit Character Length 

• Constant Carrier 

• Serial Mode 

• Answer Mode 

• Auto Answer Disabled 

• RAM Access Code = 00 

This configuration is suitable for performing high speed data 
transfer over the public switched telephone network using the 
serial data port. Individual features are discussed in subsequent 
paragraphs. 
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Figure 1. R1212 Modem Functional Interconnect Diagram 
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Table 4. Hardware Circuits 







DIN 




Name 


Type 


Pin No. 


Description 


A. OVERHEAD SIGNALS 


Ground (A) 


AGND 


31 C, 32C 


Analog Ground 
Return 


Ground (D) 


DGND 


3C, 8C, 


Digital Ground 






5A, 10A 


Return 


+ 5 volts 


PWR 


19C, 23C, 
26C, 30C 


+ 5 volt supply 


+ 12 volts 


PWR 


15A 


+ 12 volt supply 


-12 volts 


PWR 


12A 


-12 volt supply 


POR 


I/OB 


13C 


Power-on-Reset 


B. MICROPF 


lOCESSOR IN 


TERFACE SIGNA 


LS 


D7 


l/OA 


1C 






D6 


l/OA 


1A 






D5 


l/OA 


2C 






D4 


l/OA 


2A 


] 


03 


l/OA 


3A 


Data Bus (8-Lines) 


D2 


l/OA 


4C 






D1 


l/OA 


4A 






DO 


l/OA 


5C 




' 


RS3 


lA 


6C 




RS2 


lA 


6A 


Register Select 


RSI 


lA 


7C 


(4-Lines) 


RSO 


lA 


7A 




CSO 


lA 


IOC 


Chip Select 
Receiver (Baud 
Rate Device) 


CS1 


lA 


9C 


Chip Select 
Transmitter 
(Sample Rate 
Device) 


READ 


lA 


12C 


Read Enable 


WRITE 


lA 


11A 


Write Enable 


IRQ 


OB 


lie 


Interrupt Request 







DIN 




Name 


Type 


Pin No. 


Description 


C. V.24 INTERFACE SIGNALS 


XTCLK 


IB 


22A 


External Transmit 
Clock 


TDCLK 


OC 


23A 


Transmit Data Clock 


RDCLK 


OC 


21A 


Receive Data Clock 


RTS 


IB 


25A 


Request-to-Send 


CTS 


OC 


25C 


Clear-to-Send 


TXD 


IB 


24C 


Transmit Data 


RXD 


OC 


22C 


Receive Data 


RLSD 


OC 


24A 


Received Line Signal 
Detector 


DTR 


IB 


21 C 


Data Terminal Ready 


DSR 


OC 


20A 


Data Set Ready 


Rl 


OC 


ISA 


Ring Indicator 


D. ANALOG SIGNALS 


RXA(M) 


IB 


32A 


Receive Analog Input 


TXA(M) 


OC 


31A 


Transmit Analog 
Output 


TIP/RING (DC) 


AE 


RJ11 Jacks 


Phone Line Interface 


LINE 








MONITOR (DC) 


AD 


30A 


Analog Line Monitor 


E. DAA INTERFACE SIGNALS 


RD(M) 


IB 


27A 


Ring Detect 


RCCT (M) 


OC 


28A 


Request Coupler Cut 
Through 


CCT (M) 


IB 


29C 


Coupler Cut Through 


OH 


OC 


29A 


Off-Hook Relay Status 


F. ANCILLARY INTERFACE SIGNALS 


TBCLK 


OC 


27C 


_ 


Transmit Baud Clock 


RBCLK 


OC 


26A 


_ 


Receive Baud Clock 


TLK 


IC 


28C 


— 


Talk (TLK = Data) 


ORG 


IB 


16C 


— 


Originate (ORG = 
Answer) 


(M) R1212M Only, (DC) R1212DC Only. - 


- = not applicable 


Unused inputs tied to + 5V or ground require individual 1 0K (2 series | 


resistors 











Table 5. Digital Interface Characteristics 








Symbol 


Parameter 


Units 


tnput/Ouput Type 


lA 


IB 


10 


OA 


OB 


OC 


l/OA 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 mm. 


2.0 min. 


2.0 min 








2.0 mm. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max. 








0.8 max. 


0.8 max. 


VoH 


Output Voltage, High 


V 








2.4 min.^ 






2.4 min ^ 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








4 max 2 


0.4 max.2 


4 max.^ 


0.4 max ^ 


0.4 max.5 


I.N 


Input Current, Leakage 


/.A 


±2.5 max. 












±2.5 max'* 




«OH 


Output Current, High 


mA 








-0.1 max. 










ioL 


Output Current, Low 


mA 








1 .6 max. 


1.6 max. 


1 .6 max. 






iL 


Output Current, Leakage 


fi/K 










±10 max. 








Ipu 


Pull-up Current 
(Short Circuit) 


mA 




- 240 max. 
-10 min. 


-240 max. 
-10 min. 






- 240 max. 
-10 min 




- 260 max. 
-100 mm. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Co 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Dram 


Open-Drain 
w/PuH-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes: 


1.1 load = -100/iiA 2. 


lload 


= 1.6 mA 


3. 1 load = -40 mA 4.^ 


^,N - 0.4 to 2.4 Vdc, Vcc 


= 5.25 Vdc 


5. i load = 0.36 mA 
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Table 6. Analog Interface Characteristics 


Name 


Type 


Characteristics 


TXA 


AA 


The transmitter output impedance is 604Q 
±1% with an output level of +6 dBm. 
To obtain a dBm output, a 600J] load to 
ground is needed. 


RXA 


AB 


The receiver input impedance is 23.7 KQ 
±1%. The receive level at RXA must be 
no greater than - 9 dBm (or - 6 dBm 
with the 3DB bit enabled). 


LINE 


AD 


The line monitor output impedance is 


MONITOR 




15 KQ ±5%. 


TIP/RING 


AE 


The impedance of TIP with respect to 
RING is 600 Q. 



disregard all sig nals appearing on the interchange circuits— 
except Rl. DSR will switch to the OFF state when in test state. 
The ON condition of DSR indicates the following: 

1. The modeni is not in the talk state, i.e., an associated tele- 
phone handset is not In control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem has generated an answer tone or detected 
answer tone. 

4. After ring indicate (Rl) goes ON, DSR waits at least two sec- 
onds before turning ON to allow the telephone company 
equipment to be engaged. 

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a 
maximum of 4 seconds when the SSD bit is enabled. 



V.24 INTERFACE 

Eleven hardware circuits provide timing, data, and control sig- 
nals for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (OV, + 5V). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry nor- 
mally found within stand-alone modem enclosures or equipment 
cabinets. For driving longer cables, the voltage levels and con- 
nector arrangement recommended by EIA standard RS-232-C 
are preferred. 

The sequence of events leading to successful data transfer from 
transmitter to receiver is: 

1 . The transmitter is activated and a training sequence is sent. 

2. The receiver detects channel energy above the prescribed 
threshold level and synchronizes its operation to the 
transmitter. 

3. Data transfer proceeds to the end of the message. 

4. The transmitter turns off after insuring that all data has had 
time to be recovered at the receiver output. 

Data Terminal Ready (DTR) 

DTR prepares the modem to be connected to the communica- 
tions channel, and maintains the connection established by the 
DTE ( manua l answering) or internal (automatic answering) 
meaQS. DTR OFF places the modem in the disconnect state. 

Data Set Ready (DSR) 

Data Set Ready (D SR) O N indicates that the modem is in the 
data transfer state. DSR OFF is an indication that the DTE is to 



Request To Send (RTS) 

RTS ON allows the modem to transmit dat a on TXD when GTS 
beco mes active. In constant carrier mode, RTS can be wired to 
DTR . In controlled carrier operation, independent ope ratio n of 
RTS turns the carrier ON and OFF. The responses to RTS are 
shown in Table 7 (assume the modem is in data mode). 

Table 7. RTS Responses 



Leased or Dial Line' 


RTS OFF 


RTS ON 


Controlled Carrier 


CTS OFF 


Carrier ON 




Carrier OFF 


210 to 275 ms Scrambled 

1 s Transmitted 
CTS ON 


Constant Carrier 


CTS OFF 


CTS ON 




Carrier ON 


Carrier ON 




Scrambled 1 s 


Data Transmitted 




Transmitted 




Note: 






1 . After handshake is 


complete. 





Clear To Send (CTS) 

CTS ON indicates to the terminal equipmen t that the modem will 
transmit any data which are pres ent o n TXD. CTS response times 
from an ON or OFF condition of RTS are shown in Table 8. 



Table 8. CTS Response Times 


CTS Transition 


Constant Carrier 


Controlled Carrier 


OFF to ON 
ON to OFF 


<2 ms 
<20 ms* 


210 to 275 ms 
<20 ms* 


Note: * Programmable 
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Transmit Data Clock (TDCLK) 

The modem provides a Transmit Data Clock (TDCLK) output witli 
the following characteristics: 

1. Frequency. Selected data rate of 1200 Hz or 600 Hz 
(± 0.010/0). 

2. Duty Cycle. 50 ±1%. 

TDCLK is provided to the user in both asynchronous and syn- 
chronous communications. TDCLK is not necessary in asyn- 
chronous communication but it can be used to supply a clock for 
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec- 
essary for synchronous communication. In this case Transmit 
Data (TXD) must be stable during the one fis periods immedi- 
ately preceding and following the rising edge of TDCLK. 

External Transmit Clock (XTCLK) 

In synchronous communication where the user needs to supply 
the transmit data clock, the input XTCLK can be used. The clock 
supplied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input is then reflected at TDCLK. 



Receive Data Clock (RDCLK) 

The modem provides a Receive Data Clock (RDCLK) output in 
the form of a 50 ±1 % duty cycle squarewave. The low-to-high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a ± .035% 
(relative) frequency error in the associated transmit timing 
source. 



RDCLK is provided to the u ser in bo th asynchronous and syn- 
chronous communications. RDCLK is not necessary in asyn- 
chronous communica tion but it can be used to su pply a cl ock for 
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec- 
essary for synchronous communication. 



Received Line Signal Detector (RLSD) 

The RLSD thresholds for both high and low channels are: 

RLSD ON > -43dBm 
RLSD OFF < -48dBm 



RLSD will not respond to guard tones or answer tones. 

When RLSD is active, it indicates to the terminal equipment that 
valid data is available on RXD. 

Transmitted Data (TXD) 

The modem obtains serial data from the local DTE on this input. 

Received Data (RXD) 

The modem presents received data to the local DTE on this 
output. 

Ring Indicator (Rl) 

The modem provides a Ring Indicator (Rl) output; its low state 
indicates the presence of a ring signal on the line. The low condi- 
tion appears approximately coincident with the ON segment of 
the ring cycle (during rings) on the communication channel. (The 
ring signal cycle is typically two seconds ON, four seconds OFF.) 
The high condition of the Rl output is maintained during the OFF 
segment of the ring cycle (between rings) and at all other times 
when ringing is not being receiv ed. T he operation of Rl is not 
disabled by an OFF condition on DTR. 

Rl will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 1 50 Vrms (applied 
across TIP and RING), with the response times given in Table 1 3. 

This OFF-to-ON (ON-to-OFF) response time is defined as the 
time interval between the sudden connection (removal) of the 
ring signal across TIP and RING and the subsequent ON (OFF) 
transition of Rl. 



Table 9. Rl Response Time 




Rl Transition 


Response Time 


OFF-to-ON* 
ON-to-OFF 


110 ±50 ms (50% duty cycle) 
450 ±50 ms 


Note: 'The OFF-to-ON time is duty cycle dependent: 
890 ms (15%) > time > 50 ms (100%) 
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MICROPROCESSOR INTERFACE 

Seventeen hardware circuits provide address, data, control, and 
Interrupt signals for implementing a parallel interface compatible 
with an 8080 microprocessor. With the addition of a few external 
logic gates, the interface can be made compatible with a wide 
variety of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means of 
soft strappable control bits and modem status bits. The signifi- 
cance of the control and status bits and methods of data inter- 
change are discussed in a later section devoted to software cir- 
cuits. This section describes the operation of the interface from a 
hardware standpoint. 

Chip Select (CSO and CST) and 
Register Selects (RS0-RS1) 

The signal processor to be accesse d is s el ected by grounding 
one of two unique chip select lines, CS1 or CSO. The selected 
chip decodes the four address lines, RS3 through RSO, to select 
one of sixteen internal registers. The most significant address bit 
(2^) is RS3 while the least significant address bit (2°) is RSO. 
Once the address bits have been decoded, the selected register 
can be read from or written into via an 8-bit parallel data bus, D7 
through DO. The most significant data bit (2^) is D7 while the 
least significant data bit (2°) is DO. 

Read Enable ( READ) and 
Write Enable (WRITE) 

Reading or writing is activated by pulsing either the READ line 
high or the WRITE line low. During a read cycle, data from the 
selected register is gated onto the data bus by means of three- 
state drivers. These drivers force the data lines high for a one bit 
or low for a zero bit. When not being read, the three-state drivers 
assume their off, high-impedance, state. During a write cycle, 
data from the data bus Is copied into the selected register, with 
high and low bus levels representing one bits and zero bits, 
respectively. The timing required for correct read/write cycles js 
illustrated in Figure 2. Ijogic necessary to convert the single R/W 
out put from a 65XX series microprocessor to the separate READ 
and WRITE signals required by the modem is shown in Figure 3. 

Interrupt Request (IRQ) 

The final sign al on the microprocessor interface is Interrupt 
Request (IRQ). This signal may be connected to the host micro- 
processor interrupt request input in order to interrupt host pro- 
gram execution for modem service. The use of IRQ is optional 
and the method of software implementati on is described in a 
subsequent section, Software Circuits. The IRQ output structure 
is an open-drain field-effect-transistor (FET). This form of output 
allows IRQ to be connected in parallel to other sources of inter- 



rupt. Any of these sources can drive the host interrupt input low, 
and the interrupt servicing process continues until all interrupts 
have been cleared and all IRQ sources have returned to their 
high impedance state. Because of the open-drain structure of 
IRQ, an ext ernal pull-up resistor to -»- 5 volts is required at some 
point on t he IR Q line. The resisto r val ue should be small enough 
to pull the IRQ line high when all IRQ drivers are off (i.e., it must 
overcome the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a level acceptable 
to each driver. For the case where only the modem IRQ driver is 
used, a resistor value of 5.6K ohms ±20%, 0.25 watt, is 
sufficient. 

DAA INTERFACE 

The R1212M provides a Data Access Arrangement (DAA) inter- 
face that is directly hardware and software compatible with the 
RDAA. Manual/automatic originate and answer are then con- 
trolled via the appropriate R1 21 2M hardware ancillary circuits or 
software control bits. The modem provides the only interface with 
the microprocessor (MRU) bus, i.e., no RDAA interface signals 
must be directly controlled from the MRU bus. 

Ring Detect (RD) 

RD indicates to the modem by an ON (low) condition that a ring- 
ing signal is present. The signal (a 4N35 optoisolator compatible 
output) into the RD input should not respond to momentary 
bursts of ringing less than 125 ms in duration, or to less than 
40 Vrms, 15 to 68 Hz, appearing across TIR and RING with 
respect to ground. The ring is then reflected on Rl. 

Request Coupler Cut Through (RCCT) 

ROOT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCC T goes 
OFF (low), the cut-through buffers are disabled and CCT should 
go OFF (high). RCCT should be OFF during dialing but ON for 
tone address signaling. 

Coupler Cut Through (CCT) 

An ON (low) signal to the CCT lead indicates to the modem that 
the data transmission path through the DAA is connected. This 
input can always be groun ded if the two second billing delay 
squelch is desired. If CCT is user controlled, the billing delay 
squelch can only be 2 seconds or greater. 

Off-Hook Relay Status (OH) 

The modem provides an OH output which indicates the state of 
the OH relay. A high condition on OH implies the OH relay is 
closed and the modem is connected to the telephone line (off- 
hook). A low condition on OH implies the OH relay is open (i.e., 
the modem is on-hook). The delay between the low-to-high or 
high-tp-low transition of OH and the subsequent close-to-open or 
open-to-close transition of the OH relay is 8 ms maximum. 
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READ 



TCS-H 



CSi 
(i = 0,1) 



TCS-^ 



RSi > 
(i = 0-3)'. 



WRITE 



r^ 



h- TCH TCS *■ 



-»-TCHTCS-»" 



^J^ 



-*-TWR 



-^TDH -^ 



•-HC^ — C-y- 



:c 



♦TCH 



-•-TWOS 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 










to Read or Write 


TCS 


30 


— 


ns 


Data access time after Read 


TDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSi, RSi hold time after 










Read or Write 


TCH 


10 


— 


ns 


Write data setup time 


TWDS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


TWR 


75 


— 


ns 



Figure 2. l\/licroprocessor interface Timing Diagram 




Figure 3. R/W to READ WRITE Conversion Logic 
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ANALOG SIGNALS (R1212M) 

Two connections are devoted to analog audio signals: TXA and 
RXA. 



Transmit Analog (TXA) 

The TXA output is suitable for driving a data access arrangement 
for connection to either leased lines or the public switched tele- 
phone network. The transmitter output impedance is 604 ohms 
±1% with an output level of +6dBm ±1 dBm. To obtain a 
dBm output, a 600 ohm load to ground is needed. 



Receive Analog (RXA) 

RXA is an input to the receiver from a data access arrangement. 
The input impedance is 23. 7K ohms ± 1 %. The received level at 
RXA must be no greater than - 9 dBm (or - 6 dBm with the 3DB 
bit enabled). 



ANALOG SIGNALS (R1212DC) 

Three analog signals are output by the R1212DC: LINE MONI- 
TOR. TIP and RING. 



Analog Line Monitor (LINE MONITOR) 

The LINE MONITOR output is suitable for a speaker interface. It 
provides an output for all dialing signals, call progress signals, 
and the carrier signals. The output impedance is 15Kohms 
±1%. The signals which appear on LINE MONITOR are approx- 
imately the same level as the signals would appear on the net- 
work (assuming a 1 dB loss attributed to the audio transformer). 



Phone Line Interface (TIP and RING) 

TIP and RING are the DAA analog outputs to the public switched 
telephone network. These outputs use two RJ1 1 jacks in parallel 
as the interface to the network (see Table 10 and Figure 4). The 
R1212DC, which contains the DAA TIP and RING interface, has 
been FCC Part 68 approved. The user need not apply for further 
Part 68 approval. The impedance of TIP with respect to RING is 
600 ohms. 



Table 10. R1212DC Networl( Interface 



Connector 
Type 


Pin 
Number 


Name 


Function 


RJ11 Jack 


3 

4 


RING 
TIP 


One Side of TELGO Line 
One Side of TELGO Line 



TO I 

NETWORK I 



MINIATURE 

6 POSITION JACK 



II !2|3 



n. 



I TO OTHER 
I EQUIPMENT 



MINIATURE I 

6 POSITION PLUG [ j 



RING (RED WIRE) 



ti 1 

•tfti 
t: 



R2424 
MODEM JACK 



TELEPHONE 
CORD 



TIP (GREEN WIRE) 



Figure 4. RJ1 1 Telephone Jacl( 

ANCILLARY CIRCUITS 

Transmit Baud Clock (TBCLK) and 
Received Baud Clock (RBCLK) 

TBCLK and RBCLK are provided to the user at the baud rate 
(600 Hz). 

Talk (TLK) 

TLK is an in put which manually places th e mod em on-hook (relay 
open, TLK = 0) or off-hook (relay closed, TLK = 1). The on-hook 
condition is referred to as TA LK m ode and the off-ho ok condition 
is referred to as DATA mo de. T LK is used with ORG to manually 
originate or answer a call. TLK should be at power-on or reset to 
prevent the modem from inadvertently entering the data mode. 

Originate (ORG) 

ORG is an i nput w hich manually places the modem in the origi- 
nate mode (ORG = ) or th e answer mod e (ORG = 1). To man- 
ually originate a call, ORG = and TLK = 0. Dial the number 
using the telephone. W hen t he other modem answers and sends 
answer tone switch the TLK input from to 1 placing the modem 
off-hook. 

To manually answer a call ORG = 1 and TLK = 0. When the 
phone rings switch the TLK input from to 1 placing the modem 
off-hook. 

Off-Hook Relay Status (OH) 

The modem provides an OH output which indicates the state of 
the OH relay. A high condition on OH implies the OH relay is 
closed and the modem is connected to the telephone line (off- 
hook). A low condition on OH implies the OH relay is open (i.e., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open or 
open-to-close transition of the OH relay is 8 ms maximum. 
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SOFTWARE CIRCUITS 

Operation of the microprocessor interface circuits was described 
in the hardware section from the standpoint of timing and load- 
/drive characteristics. In this section, operation of the microproc- 
essor interface is described from a software standpoint. 

The modem is Implemented in firmware running on two special 
purpose signal processors. These signal processors share the 
computing load by performing tasks that are divided into two 
areas. These areas are partitioned into receiver and transmitter 
devices. 

INTERFACE MEMORY 

Each signal processor can communicate with the host processor 
by means of a specialized, dual-port, scratch-pad memory called 
Interface memory. A set of sixteen 8-bit registers, labeled regis- 
ter through register F, can be read from or written into by either 
the host processor or signal processor. The host communicates 
via the microprocessor Interface lines shared between the two 
signal processors. The signal processor communicates via its 
internal I/O bus. Information transfer from SP RAM to interface 
memory is accomplished by the signal processor logic unit mov- 
ing data between the SP main bus and the SP I/O bus. Two of the 
16 addressable interface memory registers (i.e., register and 
register E) have unique hardware connections to the interrupt 
logic. It is possible to enable a bit in register E to cause an inter- 



rupt each time it sets. This interrupt can then be cleared by a read 
or write cycle from the host processor to register 0. This opera- 
tion is discussed in detail later in this section. 

Memory maps of the 32 addressable registers in the modem 
receiver (CSO) and transmitter (CS1) interface memory are 
shown in Figures 5 and 6, respectively. These registers may be 
read or written on any host read or write cycle, but all eight bits of 
that register are affected . In order to read a single bit or a group of 
bits in a register, the host processor must mask out unwanted 
data. When writing a single bit or group of bits in a register the 
host processor must perform a read-mod if y-wrlte operation. That 
is, the entire register is read, the necessary bits are set or reset in 
the accumulator of the host, then the original unmodified bits and 
the modified bits are written back into the register of the interface 
memory. 

Figures 7 and 8 show the registers according to the overall func- 
tion they perform in the receiver and transmitter, respectively. 
Figures 9 and 1 show the power-on configuration for the R1 21 2 
modem receiver and transmitter devices, respectively. 

Table 1 1 defines the individual bits in the interface memory. In the 
Table 1 1 descriptions, bits in the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by Y (0 or 
1), the register number by Z (0 through F), and the bit number by 
(0 through 7, with = LSB). 
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Figure 5. Receiver (CSO) interface ly/lemory iVIap 



Figure 6. Transmitter (CS1) Interface iy/lemory iVIap 
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Figure 7. Receiver (CSO) Interface Memory Functions 



Figure 8. Transmitter (CS1) Interface Memory Functions 
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Figure 9. R1212 Receiver (CSO) interface IMemory 
Power On Configuration 



Figure 10. R1212 Transmitter (CS1) Interface Memory 
Power On Configuration 
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Table 11. Interface Memory Definitions 



Mnemonic 


Name 


Memory 
Location 


Description 


AAE 


Auto Answer Enable 


1:D:4 


When configuration bit AAE is a 1, the modem will automatically answer 
when a ringing signal is present on the line. When AAE is set to a 1, the 
modem will answer after one ring and go into data mode. 

The modem goes off-hook 1 second after the on-to-off transition of the ring. 
The ORG pin or ORG bit need not to be set to the answer polarity. If it is 
desired to answer after more than one ring, then the user must use the alter- 
native answer method described under the DATA bit. The DTR pin or 
the DTR bit must also be set before the modem will auto answer. Writing a 
into the AAE bit will cause the modem to go on-hook. This will occur only 
when the modem auto answers using the AAE bit. 


AL 


Analog Loopback 


(0,1):B:0 


When configuration bits AL are a 1, the modem is in local analog loopback 
(V.54 Loop 3). In this loop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem's telephone line interface. 
An attenuator is introduced into the loop such that the signal level coupled 
into the receive path is attenuated 14 ± 1 dSm. The modem may be placed 
into analog loopback in either the idle mode or the data mode. However, in 
the data mode, setting the AL bits to a 1 will terminate the connection. 
Analog loopback will only function in the high speed modes (1200, or 600 
bps). 

The DTE may be tested when the modem is in analog loopback. Also, all 
parts of the modem except the line interface are checked. If no DTE is con- 
nected, the modem integrity may be verified by use of the self test function. 
When entering analog loopback, set AL in the receiver to a 1 before setting 
AL in the transmitter to a 1. 

When exiting analog loopback, reset AL In the transmitter to a before reset- 
ting AL in the receiver to a 0. 


ATD 


Answer Tone Detected 


0:8:6 


When status bit ATD is a 1, it signifies that the modem receiver detected the 
answer tone. The bit is 1 set 75 ms after the answer tone is first detected, 
and is cleared to a when the modem goes on-hook. The user may clear 
ATD manually after CTS is active. 


BUS 


Bus Select 


(0,1):D:7 


When configuration bits BUS are a 1, the modem is in the parallel control 
mode; and when 0, the modem is in the serial control mode. BUS can be in 
either state to configure the modem. 

Serial Control Mode 

The serial mode uses standard V.24 (RS-232-C compatible) signals to 
transfer channel data. The control signals used in serial control mode are 
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected 
both in the interface memory and the V.24 interface. Once the bus bits have 
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are 
ignored. 

Parallel Control Mode 

The modem has the capability of modem control via the microprocessor bus. 
Data transfer is maintained over the serial V.24 channel. The control bits 
used In parallel control are DTR, RTS, ORG, and DATA. 

The modem automatically defaults to the serial mode at power-on. 

If the parallel control mode is to be used, it is recommended that the TLK pin 
be tied to ground. A floating TLK pin will assume a logic 1 which will 
immediately put the modem into the data mode before the BUS bits are set. 

In either mode, the modem is configured by the host processor via the 
microprocessor bus. 
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Table 11. Interface Memory Definitions (Continued) 



Mnvnionic 


Name 


Memory 
Location 


Description 


cc 


Controlled Carrier 


1:9:2 


When configuration bit CC is a 1, the modem operates in controlled carrier; 
when 0, the modem operates in constant carrier. 

Controlled carrier allows the modem transmitter to be controlled by the RTS 
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions. 


CHAR 


Character Length Select 


(0.1):C:(3.4) 


These character length bits select either 8, 9, 10, or 11 bit characters 
(includes data, stop, and start bits) as shown below: 

4 3 

8 bits 

1 9 bits 

1 10 bits 
1 1 11 bits 

It is possible to change character length during the data mode. Errors in the 
data will be expected between the changeover and the resynchronization 
(which occurs on the next start bit after the change is implemented). 


CRQ 


Call Request 


(0,1):D:6 


When configuration bit CRQ in chip 1 (the transmitter) is a 1, it places the 
transmitter in auto dial mode. The data then placed in the Dial Digit Register 
is treated as digits to be dialed. The format for the data should be a hex 
representation of the number to be dialed (if a 9 is to be dialed then an 09,6 
should be loaded in DDR). CRQ In chip 1 should be a 1 for the duration of 
the data mode. If CRQ in chip 1 is changed to a 0, the modem will go 
on-hook. Also, see DDRE bit. 

When configuration bit CRQ in chip (the receiver) is a 1 , the receiver goes 
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz 
bandwidth is reflected by the TONE bit. CRQ in chip must be reset to a 
(after the last digit was dialed and tone detection completed) before the 
answer tone is sent by the answering modem (after ringback is detected). 
CRQ in chip need not be used during auto dialing, but may be used to pro- 
vide call progress information as part of an intelligent auto dialing routine. An 
example flowchart is given in Figure 11. 

FF (hex) should be loaded into the Dial Digit Register after the last digit is 
dialed and tone detection is completed. This action also puts the modem in 
data mode and starts a 30 second abort timer. If the handshake has not 
been completed in 30 seconds the modem will go on-hook. 


CTS 


Clear-to-Send 


1:8:6 


When status bit CTS is a 1, It indicates to the terminal equipment that the 
modem will transmit any data which are present at TXD. 

CTS response times from an ON or OFF condition of RTS are shown below: 

CIS Transition Constant Carrier Controlled Carrier 

OFF to ON <2 ms 210 to 275 ms 
ON to OFF <20 ms* <20 ms* 
•Programmable 


DATA 


Talk/Data 


1:D:5 


When control bit DATA is a 1, the modem is in the data state (off-hook); and 
when 0, the modem is In the talk state (on-hook). This bit allows the modem 
to go off-hook after a programmable number of rings by counting the required 
number of Rl bit transitions and then setting the DATA bit (assuming ORG » o). 


DDEI 


Dial Digit Empty Interrupt 


1:E:2 


When handshake bit DDEI is a 1, an interrupt will occur when the Dial Digit 
Register (1:0) is empty (DDRE = 1). This is independent of the state of the 
ENSI bit. The interrupt will set the IRQ bit and also assert the IRQ signal. 
Loading the Dial Digit Register with a new digit will clear the interrupt 
condition. 
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Tabre 1 1 . Interface Memory Definitions (Continued) 


Mnemonic 


Name 


Memory 
Location 


Description 


DDR 


Dial Digit Register 


1:0:(0-7) 


DDR is used to load the digits to be dialed. Example: If a 4 is to be dialed, 
an 04 (hex) should be loaded. This action also causes the interrupt to be 
cleared. The modem automatically accounts for the interdigit delay. Note: 
DDR is a write-only register. 


DDRE 


Dial Digit Register Empty 


1:E:0 


When handshake bit DDRE is a 1, it indicates that the dial digit register is 
empty and can be loaded with a new digit to be dialed. If the DDEI bit is set, 
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be 
generated. 

After the DDR is loaded, DDRE goes to a and the interrupts are 
automatically cleared. 


DL 


Digital Loopback (Manual) 


(0,1):A:5 


When configuration bits DL are set to a 1 , the modem is manually placed In 
digital loopback. DL should only be set during the data mode. The DSR and 
CTS bits will be reset to a 0. The local modem can then be tested from the 
remote modem end by looping a remotely generated test pattern. At the 
remote modem, all interface circuits behave normally as in the data mode. 

At the conclusion of the test, DL must be reset to a 0. The local modem will 
then return to the normal data mode with control reverting to the DTEs, DTR. 

DL does not function in 300 bps. 


DLO 


Dial Line Occupied 


1:8:7 


When status bit DLO is a 1 , it indicates that the modem is in the auto dial 
state, i.e., CRQ in the transmitter is a 1 and the modem is off-hook and 
ready to dial. 


DLSF 


Disable Low Speed Fallback 


1:C:0 


When configuration bit DLSF is a 1 , the modem will not automatically 
fallback to the 300 bps operating mode if it is configured for another data 
rate. This bit is valid in originate mode only. 


DSR 


Data Set Ready 


1:8:5 


The ON condition of the status bit DSR indicates that the modem is in the 
data transfer state. The OFF condition of DSR is an indication that the DTE 
is to disregard all signals appearing on the interchange circuits — except Rl. 
DSR will switch to the OFF state when in test state. The ON condition of 
DSR indicates the following: 

The modem is not in the talk state, i.e., an associated telephone handset is 
not in control of the line. 

The modem is not in the process of automatically establishing a call via 
pulse or DTMF dialing. 

The modem has generated an answer tone or detected answer tone. 

After ring indicate goes ON, DSR waits at least two seconds before turning 
ON to allow the telephone company equipment to be engaged. 

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum 
of 4 sec when the SSD bit is enabled. 


DSRA 


Data Set Ready in Analog 
Loopback 


1:C:7 


When configuration bit DSRA is a 1 , it causes DSR to be ON during analog 
loopback. 
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Table 1 1 . Interface Memory Definitions (Continued) 



Mnemonic 



Name 



(Memory 
Location 



Description 



DTMF 



Touch Tones/Pulse Dialing 



1:B:1 



DTR 



EF 



Data Terminal Ready 



Enable Filters 



1:D:3 



1:9:1 



ENSI 



ERDL 



GTE 



Enable New Status Interrupt 



Enable Response to 
Remote Digital Loopback 



Guard Tone Enable 



(0.1):E:6 



(0,1).A:7 



1:B:4 



When configuration bit DTMF is a 1 , it tells the modem to auto dial using 
tones; and when 0, the modem will dial using pulses. 

The timing for the pulses and tones are as follows (power-on timing): 



Pulses - 



Relay open 64 ms 
Relay closed 36 ms 
Interdigit delay 750 ms 



Tones — Tone duration 95 ms 
Interdigit delay 70 ms 

The DTMF bit can be changed during the dialing process to allow either tone 
or pulse dialing of consecutive digits. The output power level of the DTMF 
tones is as follows: 

± 15 dBm ± 1 measured at TXA for the R1212M 

-1 dBm ±1 measured at TIP/RING for the R1212DC 

Control bit DTR must be a 1 for the modem to enter the data state, either 
manually or automatically. DTR must also be a 1 in order for the modem to 
automatically answer an incoming call. 

During the data mode, DTR must remain at a 1 , otherwise the connection will 
be terminated if DTR resets to a for greater than 50 ms. 

Setting CRQ in the transmitter to a 1 disables the high and low band filters 
used in data mode so that call progress tone detection can be done. Setting 
CRQ in the receiver to a 1 Inserts a passband filter in the receive path which 
passes energy in the 345 Hz to 635 Hz bandwidth. The high and low band 
filters must be enabled and the passband filter disabled for the answer tone 
and carrier to be detected. This occurs automatically during the auto dial pro- 
cess when EF is set to a 0. In this case, the high and low band filters are 
disabled when CRQ in the transmitter is set to a 1 . If tone detection is re- 
quired, CRQ in the receiver should be set to a 1 . After dialing and call pro- 
gress tone detection, CRQ in the receiver is set to a and FF is loaded into 
the dial digit register. (Loading FF enables the high and low band filters). At 
this time, the answer tone can be detected. To re-enable the high and low 
band filters disabled by setting CRQ in the transmitter, set EF to a 1 . After 
CRQ in the transmitter and receiver is set to a 1 and tone detection is com- 
pleted, it may be necessary to detect the answer tone before loading FF into 
the dial digit register (see the section on sending 1300 Hz calling tone). At 
that point, EF can be set to a 1 and CRQ in the receiver set to a so the 
answer tone can be detected (using the ATD bit) and the 1300 Hz calling 
tone can still be sent. Once the answer tone is detected, FF should be load- 
ed into the dial digit register and the EF bit set to a 0. 

When handshake bit ENSI is a 1 , it causes an interrupt to occur when the 
status bits in registers (0:[8,9]) and (1:8) are chang ed b y the modem. 
(NEWS = 1). The IRQ bit will be set to a 1 and the IRQ signal will be 
generated. The interrupt is cleared by writing a into the NEWS bit. 

When configuration bits ERDL are a 1 , it enables the modem to respond to 
another modem's remote digital loopback request, thus going into loopback. 
When this occurs, the modem clam ps RXD to a m ark; res ets the CTS, DSR 
and RLSD bits to a and turns the CTS, DSR and RLSD signals to a logic 1 . 
The TM bit is set to inform the user of the test status. When the ERDL bits are 
a 0, no response will be generated. 

When configuration bit GTE is a 1 , it causes the specified guard tone to be 
transmitted (CCITT configurations only), according the state of the GTS bit. Note: 
The guard tone will only be transmitted by the answering modem. 
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Table 1 1 . Interface Memory Definitions (Continued) 


Mnemonic 


Nsme 


IMemory 
Location 


Description 


GTS 


Guard Tone Select 


1:B:3 


When configuration bit GTS is a 0. it selects the 1800 Hz tone; when GTE is 
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted 
only when GTE is enabled. 


IRQ 


Interrupt 


(0,1):E:7 


When status bit IRQ is a 1. it indicates that an interrupt has been generated. 
The IRQ hardware signal is generated following the setting of the IRQ bit. 
IRQ is cleared when either the NEWS bit is reset to a or the DDR is 
loaded with a number. 


LCD 


Loss of Carrier Disconnect 


0;D:2 


When configuration bit LCD is a 1 , the modem terminates a call when a loss 
of received carrier energy is detected after 400 ms. After the first 40 ms of 
loss of carrier, RLSD goes off. 360 ms later, if no carrier is detected, CTS 
goes off, and the modem goes on-hook. If energy above threshold is 
detected during the 360 ms period, RLSD will be set to a 1 again. If further 
loss of energy occurs, the 400 ms time frame is restarted. 

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold, 
but will not force the modem on-hook when energy falls below threshold. In 
this case, it is necessary to re-enable LCD in order to put the modem on-hook. 

LCD is not automatically disabled in leased line of^eration. The user must 
write a into LCD bits for this to occur. 


LL 


Leased Line 


1:9:4 


When configuration bit LL is a 1, the modem is in leased line operation; 
when 0, the modem is in switched line operation. When LL is set to a 1 , the 
modem immediately goes off-hook and into data mode. 


MODE 


IVIode Select 


(0.1)rA:(0,3) 


These bits select the compatibility at which the modem is to operate, as 
shown below: 

Configuration Word 

3 2 10 Configuration 

10 Bell212A 1200 Sync. 
11 Bell212A 1200 Async. 
10 Bell 21 2A to 300 Async. 
10 V.22A 1200 Sync. 
10 1 V.22B 1200 Async. 
10 10 V.22A 600 Sync. 
10 11 V.22B 600 Async. 

NOTE: The Mode bits in both chips should be set exclusively of all other 
bits, followed Immediately by the setting of the NEWC bits. This will ensure 
proper modem configuration. 

Automatic Reconfiguration 

The modem is capable of automatically falling back during the handshake to 
the compatibility of a remote modem. The modem can be in either the 
answer or originate mode for this to occur. The comfjatibilities that the 
modem are limited to adapt to are V.22 A/B (1200 bps), Bell 212 and 
Bell 103. If the R1212 is to originate in a specific configuration, the MODE 
bits must be set. 

When the answer modem is configured for Bell 300 asynchronous and Is 
called by a 1200 bps modem, the handshake will be completed at 1200 bps. 


NAT 


No Answer Tone 


1:9:7 


When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz 
CCITT answer tone. This bit Is only valid for CCITT configurations. With this 
bit enabled in answer mode, when the modem goes off-hook it will remain 
silent for 75 ms and then transmit unscrambled ones. 
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Mnemonic 


Name 


Memory 
Location 


Description 


NEWC 


New Configuration 


(0,1):E:3 


When the NEWC bit is a 1, it tells the modem that a new configuration has 
been written into the configuration registers. The modem will then read the 
configuration registers and then reset NEWC to a 0. NEWC must be set to a 
1 after a new configuration has been written into the following registers: 
(0:IA-D]) and (1 :I9-D]). The remaining registers do not require the use of 
NEWC to tell the modem that new data was written into them. 


NEWS 


New Status 


(0.1):E:5 


When handshake bit NEWS is a 1, it tells the user that there has been a 
change of status in the status registers. The user must write a into NEWS 
to reset it. This action also causes the interrupt to be cleared. 


NTS 


No Transmitter Scrambler 


1:9:0 


When configuration bit NTS is a 1 , when the modem is off-hook it will 
transmit all data in an unscrambled form. This bit should be disabled if the 
normal modem handshake is desired. 


ORG 


Originate/Answer 


1:9:5 


When configuration bit ORG is a 1 , the modem is in onginate mode; and 
when a the modem is in answer mode. (This is only valid in manual 
originate/answer and analog loopback). If ORG is a 1 in analog loopback, the 
modem will transmit in the high band and receive in the low band. If ORG is 
a in analog loopback, the modem will transmit in the low band and receive 
in the high band. 


(None) 


RAM Access R 


0:F:0-7 


Contains the RAM access code used in reading RAM locations in chip 
(receiver device). 


(None) 


RAM Access T 


1:F:0-7 


Contains the RAM access code used in reading RAM locations in chip 1 
(transmitter device). 


XRAMRL 


RAM Data XRL 


0:2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 0. 


XRAMRM 


RAM Data XRM 


0:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 0. 


XRAMTL 


RAM Data XTL 


1.2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 1. 


XRAMTM 


RAM Data XTM 


1:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 1. 


YRAMRL 


RAM Data YRL 


0:4:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 0. 


YRAMRM 


RAM Data YRM 


0:5:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 0. 


YRAMTL 


RAM Data YTL 


1:4:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 1. 


YRAMTM 


RAM Data YTM 


1-5:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 1. 


RDL 


Remote Digital Loopback 


(0,1):A:6 


When configuration bits RDL are a 1 , it causes the modem to initiate a 
request for the remote modem to go Into digital loopback. RXD is clamped to 
a mark and the CTS bit and CTS signal will be reset until the loop is 
established. The TM bit is not set in this case, since the local modem in- 
itiated the request. RDL does not function in 300 bps. 


Rl 


Ring Indicator 


1:8:4 


When status bit Rl is a 1 , it indicates that a ringing signal is being detected. 
The Rl bit follows the ringing signal with^a 1 during the on time and a zero 
during the off time coincident with the Rl signal. The following are the Rl bit 
response times: 

Rl Bit Transition Response 

OFF-to-ON * 1 1 ± 50 ms (50% duty cycle) 
ON-to-OFF 450 ±50 ms 

•The OFF-to-ON time is duty cycle dependent: 890 ms (15%) > time > 50 ms (100%) 

This OFF-to-ON (or ON-to-OFF) response time Is defined as the time interval 
between the sudden connection (removal) of the ring signal across TIP and 
RING and the subsequent transition of the Rl bit. 
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Table 1 1 . Interface Memory Definitions (Continued) 


Mnemonic 


Name 


Memory 
Location 


Description 


RLSD 


Received Line Signal 
Detector 


0:8:0 


When status bit RLSD is a 1 , it indicates that the carrier has successfully 
been received. RLSD will not respond to the guard tones or answer tones. 
RLSD response times are given below: 

Constant Controlled 
Carrier Carrier 

RLSD1 

OFF-to-ON 105 to 205 ms 105 to 205 ms 
ON-to-OFF 10 to 24 ms 10 to 24 ms 

Note: 

1. After handshake has occurred. 


RSD 


Receive Space Disconnect 


0:D:1 


When configuration bit RSD is a 1 , the modem goes on-hook after receiving 
approximately 1 .6 seconds of continuous spaces. 


RTS 


Request-to-Send 


1:9:3 


When control bit RTS is a 1 , the modem transmits any data on TXD when 
GTS becomes active. In constant carrier mode, RTS should be set the same 
time as DTR and then left ON. In controlled carrier operation, independent 
operation of RTS turns the carrier ON and OFF. The responses to RTS are 
shown (assume the modem is in data mode). 

Leased or Dial Llne^ RTS Off RTS On 

Controlled Carrier CTS OFF Carrier ON 

Carrier OFF 210 to 275 ms Scrambled 1's 
Transmitted 
CTS ON 

Constant Carrier CTS OFF CTS ON 
Carrier ON Carrier ON 
Scrambled 1 's Data Transmitted 
Transmitted 

Note: 

1 . After handshake is complete. 

For ease of use in constant carrier mode, RTS should be turned ON the 
same time as DTR. 


SPEED 


Speed Indication 


0:9:(4,5) 


The SPEED status bits reflect the speed at which the modem is operating. 
The SPEED bit representations are shown. 

4 5 Speed 


0-300 
1 600 
10 1200 








Note: 

The SPEED bits are not active in analog loopback and leased line mode. 
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Table 11. Interface Memory Definitions (Continued) 


MnBmonic 


NsniG 


Memory 
Location 


Description 


SSD 


Send Space Disconnect 


1:D0 


When configuration bit SSD is a 1 , it causes the modem to transmit 
approximately 4 seconds of spaces before disconnecting, when DTR goes 
from active to Inactive state. 


ST 


Self Test 


(0.1):A:4 


When configuration bit ST is a 1 , self test Is activated. ST must be a to end 
the test. It is possible to perform self test in analog loopback with or without a 
DTE connected. During any self test, TXD and RTS are Ignored. Self test does 
not test asynchronous-to-synchronous converter circuits In either the transmit- 
ter or receiver. 

Error detection is accomplished by monitoring the self test error counter in 
the RAM. If the counter increments during the self test, an error was made. 
The counter contents are available In the diagnostic register when the RAM 
access code 00 is loaded in the diagnostic control register (0:F). 

Self Test End-to-End (Data Mode) 

Upon activation of self test an Internally generated data pattern of alternate 
binary ones and zeros (reversals) at the selected bit rate are applied to the 
scrambler. An error detector, capable of Identifying errors in a stream of 
reversals are connected to the output of the descrambler. 

Self Test with Loop 3 

Loop 3 is applied to the modem as defined in Recommendation V.54. Self 
test is activated and DCE operation is as In the end-to-end test, In this test 
DTR Is Ignored. 

Self Test with Loop 2 (Data Mode) 

The modem is conditioned to Instigate a loop 2 at the remote modem as 
specified in recommendation V.54. Self test Is activated and DCE operation 
is as In the end-to-end test. 

ST does not function in 300 bps. 


3DB 


3 dB Loss to Receive 
Signal 


1:8:2 


When configuration bit 3DB Is a 1, it attenuates the received signal 3 dB. 
This is only used if the modem will see dBm or greater line signal at the 
receiver Input. Insertion of the 3 dB loss will then prevent saturation. 


TM 


Test Mode 


0:8:1 


When status bit TM is a 1 , it indicates that the modem has completed the 
handshake and is in one of the following test modes: AL or RDL. 


TONE 


Tone Detect 


0:8:7 


TONE follows the energy detected in the 340 to 640 Hz frequency band. The 
user must determine which tone Is present on the line by determining the 
duty cycle of the TONE bit. TONE Is active only when CRQ in chip Is a 1 . 

Detection Range: -10 to -43 dBm 
Response Time: 17±2ms 


TXCLK 


Transmit Clock Select 


1:C:(5,6) 


TXCLK allows the user to designate the origin of the transmitter data clock, 
as shown below: 

Configuration Word 
Transmit Clocl< 6 5 

Internal 
External 1 
Slave 1 1 

If external clock is chosen the user clock must be Input at XTCLK. The clock 
characteristics must be the same as TDCLK. The external clock will be 
reflected by TDCLK. 

If slave clock is chosen the transmitter is slaved to the receive clock. This is 
also reflected by TDCLK. 
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Table 11. Interface Memory Definitions (Continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


TX LEVEL 


Transmit Level 

1 


1:B:(5-7) 


TX LEVEL allows the user to change the transmit level at TIP and RING 
(assuming the DAA has 10 dBm attenuation in the transmit path). 

Configuration 

Word Transmit Level ( ± 1 .0 dBm) 
7 6 5 (at TIP and RING) 

-10 dBm 
1 -12 dBm 
10 - 14 dBm 

1 1 -16 dBm 

1 -18 dBm 
1 1 -20 dBm 
1 1 -22 dBm 
1 1 1 -24 dBm 



Internal Modem Timing 

In a microprocessor environment It is necessary to know how 
long various functions last or what the response times of certain 
functions are. Since the modem is a part of the microprocessor 
environment its timing and response times are necessary 
Table 12 provides the timing relationships between interface 
memory bits and modem functions. 



Table 12. Internal Modem Timing 



Parameter 


Time Interval 


NEWC bit checked 
Transmitter 
Receiver 


Once per sample^ 
Once per baud^ 


NEWC bit set by host until 
modem action 

Transmitter 

Receiver 


< One baud time 
One baud time 


Control, Configuration bits read 
Receiver 


Only after NEWC is set 
ST, RSD— every sample, 
all others after NEWC set 


Status bits updated 
Transmitter 
Receiver 


Once per sample 
Once per baud 


Status change reflected by 
NEWS. IRQ 
Transmitter 

Receiver 


MIN < one sample time 
MAX one sample time 
MIN one sample time 
MAX one baud time 


Memory status reflected to 
modem pin 

Transmitter 

Receiver 


33.33 MS 
33.33 fis 


1. Sample Time = 7200 Hz 


2. Baud Time = 600 Hz 



AUTO DIAL SEQUENCE 

The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 



SET DTMF 
1 = TONES 
= PULSES 



CRQ = 1 



DTR = 1 





Figure 11. Auto Dial Sequence Flow Diagram 



Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 
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SIGNAL PROCESSOR RAM ACCESS 

RAM AND DATA ORGANIZATION 

Each signal processor contains 128 words of random access 
memory (RAM). Each word is 32-bits wide. Because the signal 
processor is optimized for performing complex arithmetic, the 
RAM words are frequently used for storing complex numbers. 
Therefore, each word Is organized into a real part (1 6-bits) and an 
imaginary part (1 6-bits) that can be accessed independently. 
The portion of the word that normally holds the real value is 
referred to as XRAM. The portion that normally holds the imagi- 
nary value is referred to as VRAM. The entire contents of XRAM 
and VRAM may be read by the host processor via the microproc- 
essor interface. 

Interface Memory Locations 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. Information transfer 
between RAM and interface memory is accomplished by the sig- 
nal processor logic unit moving data between the SP main bus 
and the SP I/O bus. The SP logic unit normally transfers a word 
from RAM to interface memory once each clock cycle of the SP 
device. In the transmitter, a word is transferred from SP RAM to 
the Interface memory every sample time. In the receiver, a word is 
transferred from RAM to the interface memory every sample time 
as well. Each RAM word transferred to the interface memory is 
32-bits long. These bits are written by the SP logic unit into inter- 
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain 
the most significant byte and least significant byte, respectively, 
of the XRAM data. Registers 5 and 4 contain the most and least 
significant bytes of VRAM data, respectively. 

RAM Access Codes 

The SP logic unit determines the SP RAM address to read from, 
or write to, by the code stored in the RAM Access bits of interface 
memory register F (RAM Access R in the receiver 0:F and RAM 
Access T in the transmitter 1 :F). 

Only the transmitter (chip 1) allows data to be transferred from 
interface memory to SP RAM. When set to a 1 , bit 1 :F:7 signals 
the SP logic unit to disable transfer of SP RAM data to the inter- 
face memory, and instead, to transfer data from interface mem- 
ory to SP RAM. When writing into SP RAM, 32 bits of data in the 
XRAM and VRAM registers will be written into the appropriate 
SP RAM location as specified by the RAM access code (82-86) in 
register 1:F (Table 13). Once the data Is written into the RAM 



access register 1 :F, the XRAM registers 1 :2 and 1 :3 or the VRAM 
registers 1 :4 and 1 :5, set the NEWC bit 1 :E:3 to a 1 . This action 
causes the information to be transferred from interface memory 
into SP RAM, Bit 7 of register 1 :F is cleared to a by the modem 
after the RAM is read. New data can be written into the SP RAM 
after the NEWC bit Is reset to a by the SR 



Note: 

Any transmitter RAM Write operation must always be pre- 
ceded by a RAM read from the desired location. This is to 
guarantee that the correct information is written into the 1 6 
unchanged bits, since all transmitter RAM operations are 
32 bit transfers with typically only 16 of the bits used. 



Both the transmitter and receiver (chips 1 and 0, respectively) 
allow data to be transferred from SP RAM into the interface mem- 
ory. A in transmitter bit 1 :F:7 enables the SP to transfer 32 bits 
of data from SP RAM to the XRAM and VRAM registers (16 bits 
each) in the interface memory as specified by the RAM access 
code in register 1:R A in receiver bit 0:F:7 enables the SP to 
transfer 32 bits of data from SP RAM to the XRAM and VRAM 
registers (16 bits each) in the interface memory as specified by 
the access code in register 0:R To read the SP RAM in chip 1 
(transmitter), load into 1 :Fthe RAM access code which identifies 
the 32 bits of data to transfer to the XRAM and VRAM registers. 
Next, set the NEWC bit 1 :E:3 to a 1 . After transferring the data 
from RAM to the XRAM or VRAM registers, the NEWC bit is reset 
to a by the SP. Chip (receiver), on the other hand, will provide 
the XRAM and YRAM data one sample time following the load- 
ing of the RAM access code Into register 0:F, and will continue to 
provide the same data at one sample time intervals until a new 
RAM access code is loaded. 



When reading from or writing Into RAM, no bits are provided for 
handshaking or interrupt functions. The NEWC bit can be used 
as a mechanism to provide sample and baud intervals. Since the 
NEWC bit is checked, once per baud in chip and once per 
sample in chip 1 , the user can set the NEWC bit and wait for It to 
be cleared. Depending on which chip the NEWC bit was set, the 
time interval from the setting to the clearing of the NEWC bit will 
be either one sample or one baud time. This, however, will not 
guarantee that the action of reading and writing the XRAM and 
YRAM will occur in the middle of an actual sample or baud time. 
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Table 13. RAM Access Codes 



Node 


Function 


RAM Access Code 


CIlip 


R09. No> 


RAM Read 


RAM Write 


1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 


Demodulator Output 

Low Pass Filter Output 

Input Signal to Equalizer Taps 

AGO Gain Word 

Equalizer Tap Coefficients 

Equalizer Output 

Rotated Equalizer Output 

(Received Point Eye Pattern) 

Decision Points 

(Ideal Eye Pattern) 

Rotated Error 

Rotation Angle 

Phase Error 

Self Test Error Counter 


56 

40 
41-4D 

14 
01 -OD 

53 

11 

51 

52 
12 
10 
00 


- 















2, 3, 4, 5 
2, 3, 4, 5 
2. 3, 4. 5 

2,3 
2. 3. 4, 5 
2. 3, 4. 5 
2, 3, 4, 5 

2. 3. 4, 6 

2. 3, 4. 5 
4,5 
2,3 
2,3 




DTMF Tone Duration 
DTMF Interdigit Delay 
Pulse Interdigit Delay 
Pulse Relay Make Time 
Pulse Relay Break Time 
Handshake Abort Counter 
Handshake Abort Timer 
CTS Off-Time 


02 
03 
03 
04 
04 
05 
06 
07 


82 
83 
83 
84 
84 
85 
86 
87 




4,5 
2,3 
4,5 
2,3 
4,5 
4,5 
2.3 
2,3 


NOTE: 1. All the chip 1 access codes are not valid before R5312-13. 

2. Access codes are hexadecimal. 

3. Only chip 1 RAM can be written. 

4. CTS Off-Time is not valid before R6312-16. 



ERROR RATES 

Bit error rate (BER) is a measure of the throughput of data on the 
confimunicatlon channel. It is the ratio of the number of received 
bits in error to the number of transmitted bits. This number 
increases with decreasing signal-to-noise ratio (SNR). The type 
of line disturbance and the modem configuration affect the BER. 

Tables 14 through 16 summarize the BERs for various condi- 
tions. Figure 12 shows the BER measurement setup. 



Table 15. BER Summary 



R1212 


Signal to Noise Ratio 


Data Rate 


Bit Error Rate 


Originate Mode 


Answer Mode 


1200 bps 


1x10-5 


8.3 dS 


8.1 dB 


600 bps 


1x10-5 


5.0 dB 


5.0 dB 


300 bps 


1x10-5 


10.4 dB 


7.2 dB 


Test Condition: Signal Level = -43 dSm, 

Sync for 1200 bps, 600 bps. 

Async for 300 bps. 

With 3002 Unconditioned Line. 



Table 14. BER Summary 



R1212 


Signal to Noise Ratio 


Data Rate 


Bit Error Rate 


Originate Mode 


Answer Mode 


1200 bps 


1x10-5 


8.2 dB 


7.9 dB 


600 bps 


1x10-5 


5.0 dB 


5.0 dB 


300 bps 


1x10-5 


9.2 dB 


7.0 dB 


Test Condition: Signal Level = -30 dBm, 

Sync for 1200 bps, 600 bps, 

Async for 300 bps. 

With 3002 Unconditioned Line. 





Table 16. 


BER Summary 




R1212 


Signal to Noise Ratio | 


Data Rate 


Bit Error Rate 


Originate Mode 


Answer Mode 


1200 bps 


1x10-5 


7.7 dB 


7.9 dB 


600 bps 


1x10-5 


4.6 dB 


4.5 dB 


300 bps 


1x10-5 


9.3 dB 


6.2 dB 


Test Condition: Signal Level s -40 dBm, 

Sync for 1200 bps, 600 bps, 
Async for 300 bps, 
Back-To-Back. 
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Table 17. Modem Power Requirements 




Voltage 


Tolerance 


Current (Typical) @ 25*C 


Current (Max) @ O^'C 


+ 5Vdc 
+ 12Vdc 
-12Vdc 


±50/0 
±5% 
±5% 


390 mA 

25 mA 

4 mA 


<455 mA 

< 30 mA 

< 5 mA 


Note: All voltages must have ripple ^0.1 volts peak-to-peak. 



Table 18. Modem Environmental Restrictions 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 


0*0 to +60°C (320F to 140«F) 

- 40*'C to +80<>C (- 40OFto 176*>F) (Stored in heat sealed antistatic bag and shipping container) 
Up to 90% noncondensing, or a wet bulb temperature up to 35*'C, whichever is less. 
-200 feet to +10,000 feet 



Table 19. Modem Mechanical Considerations 



Parameter 


Specification 


Board Structure: 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. 




The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 




64-pin DIN vertical male or 64-pin DIN vertical female. 


Mating Connector: 


Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle: 




Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1. or equivalent. 


PCB Dimensions: 




DC Version 




Width 


3.937 in. (100 mm) 


Length 


4.725 in. (120 mm) 


Height 


0.75 in. (19 mm) 


M Version 




/ Width 


3.937 in. (100 mm) 


Length 


3.328 In. (82 mm) 


Height 


0.40 in. (10.2 mm) 


Weight (max): 


0.45 lbs. (0.20 kg.) 


Lead Extrusion (max.): 


0.100 in. (2.54 mm) 
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3.937 

(100) 

3.700 
(94) 



0.156 ± .003 DIA (4 PL) 
(3.96) / 



MALE 64-PIN 
DIN CONNECTOR 



<^ 



COMPONENT 
SIDE 



(3) J_ 



2.625 

(66.7) 3 228 



0.496 
(12.6) 



3.937 
(100) 



3.700 
(94) 



(82) 



0.483 
(12.3) 



0.200 MAX 



COMPONENT AREA 




0.156 ±.003 DIA (4 PL) 
(3.96) 



MALE 64-PIN 
DIN CONNECTOR 



COMPONENT 
SIDE 



0.119 

(3) '] 



2.625 



3.275 



(66.7) 



4.100 



(83.2) 



(104) 



4.725 



^ f°l ^ 



0.496 



(12.6) 



0.483 



(12.3) 




T 0^200 MAX 
0.062 <5-^) 
(1.6) 



O 

(11.1) 
COMPONENT AREA 



Figure 13. Modem Printed Circuit Board Dimensions 
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R1212 MODEM INSTALLATION AND 
MAINTENANCE 

This section contains installation instructions and maintenance 
procedures for the Rockwell R1212DC Modem. It also contains a 
special notice from the Canadian Department of Communica- 
tions (DOC) for Canadian operation and from the Federal Com- 
munications Commission (FCC) for United States operation. 



GENERAL DESCRIPTION 

The Rockwell R1212DC modem is designed to be used with the 
United States or Canadian Telephone Switched Networks in 2- 
wlre full-duplex dial-up operation. The modem requires protect- 
ive circuitry registered with the Federal Communications Com- 
mission (FCC) Part 68 which allows direct connection to the U.S. 
switched telephone network. This circuitry also complies with 
the Canadian Department of Communications (DOC) Terminal 
Attachment Program (TAP) which similarly defines their 
switched telephone network requirements. 

The R1212DC features automatic dial and answer capabilities 
along with surge suppression and hazardous voltage and longitu- 
dinal balance protection. Its maximum output signal level at the 
telephone interface is set at -lOdBm ±1 dBm (permissive 
mode of operation). 

Two standard telephone jack connectors (RJ11s) are mounted 
side by side on one edge of the board and are wired in parallel. 
One is for connection to the telephone line network and the other 
for the telephone headset connection. 



INSTALLATION AND SIGNAL ROUTING 
INSTRUCTIONS 

PHYSICAL MOUNTING 

The modem module may be physically incorporated into the cus- 
tomer's end product by utilizing the four corner 0.156" diameter 
mounting holes (for the self-hooking plastic type standoffs or for 
bolting it down to some rigid structure) or by installing the module 
into card guides. 

ELECTRICAL INTERFACING INSTRUCTIONS 

The electrical interfacing is accomplished via the DIN (Euro) con- 
nector (for external power inputs and digital logic signals) and 
the telco connectors (for the telephone network connection). 
Note that the telephone interface connectors are physically sepa- 
rated from the modem interface control connector and extreme 
care must be taken in routing the telephone interface leads from 
the modem to the telephone network (line connector jack in the 
wall). 



FCC RULES PART 68 REQUIREMENTS 

The FCC Rules Part 68 requires that the telephone interface 
leads shall: 

1 . Be reasonably physically separated and restrained from; not 
routed in the same cable as; nor use the same connector as 
leads or metallic paths connecting to power connections. 

Note 

Power connections are defined as the connections 
between commercial power and any transformer, power 
supply rectifier, converter or other circuitry associated 
with the modem. The connections of the interface pins 
(including the +12 Vdc, -12 Vdcand -i- 5 Vdc) are not 
considered power connections. 

2. Be reasonably physically separated and restrained from; not 
routed in the same cable as; nor use adjacent pins on the 
same connector as metallic paths that lead to unregistered 
equipment, when specification details provided to the FCC do 
not show that the interface voltages are less than nonhazar- 
dous voltage source limits in Part 68. 

Note 

All the DIN connector interface voltages to the modem 
have been established as non-hazardous. 

ROUTING OF TELEPHONE INTERFACE LINES 

In routing the telephone interface leads from the modem tele- 
phone connector jacks to the telephone line network connection, 
the following precautions should be strongly considered for 
safety. 

1 . The telephone interface routing path should be as direct and 
as short as possible. 

2. Any cable used in establishing this path should contain no 
signal leads other than the modem telephone interface leads. 

3. Any connector used in establishing this path shall contain not 
commercial power source signal leads, and adjacent pins to 
the TIP and RING (T and R) pins in any such connector shall 
not be utilized by any signals other than those shown in this 
document. 



MAINTENANCE PROCEDURE 

Under the FCC Rules, no customer is authorized to repair 
modems. In the event of a Rockwell modem malfunctioning, 
return it for repair to an authorized ROCKWELL INTERNA- 
TIONAL distributor (if in Canada) or send it directly to the Semi- 
conductor Products Division, Rockwell International Corpora- 
tion, El Paso, Texas 79906. 
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SPECIAL INSTRUCTION TO USERS 

If the Rockwell modem has been registered with the Federal 
Communications Commission (FCC), you must observe the fol- 
lowing to comply with the FCC regulations: 

A. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

B. It is prohibited to connect the modem to pay telephones or 
party lines. 

C. You are required to notify the local telephone company of the 
connection or disconnection of the modem, the FCC registra- 
tion number, the ringer equivalence number, the particular line 
to which the connection is made and the telephone number to 
be associated with the jack. 

Note 

If the proper jacks are not available, you must order the 
proper type of jacks to be installed by the telephone 
company (VSOC RJ11 for permissive mode of opera- 
tion). 

D. You should disconnect the modem from the telephone line if it 
appears to be malfunctioning. Reconnect it only if it can be 
determined that the telephone line and not the modem is the 
source of trouble. If the Rockwell modem needs repair, return 
ittotheROCKWELLINTERNATIONAL CORPORATION. This 
applies to the modem whether it is In or out of warranty. Do not 
attempt to repair the unit as this is a violation of the FCC rules 
and may cause danger to persons or to the telephone net- 
work. 



TELEPHONE COMPANY RIGHTS 
AND RESPONSIBILITIES 

A. The Rockwell modem contains protective circuitry to prevent 
harmful voltages to be transmitted to the telephone network. If 
such harmful voltages do occur, then the telephone company 
may temporarily discontinue service to you. In this case, the 
telephone company should: 

1 . Promptly notify you of the discontinuance. 

2. Afford you the opportunity to correct the situation which 
caused the discontinuance. 

3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 

B. The telephone company may make changes in its facilities 
and services which may affect the operation of your equip- 
ment. It is, however, the telephone company's responsibility to 
give you adequate notice in writing to allow you to maintain 
uninterrupted service. 



LABELING REQUIREMENTS 

A. The FCC requires that the following label be prominently dis- 
played on the outside surface of the customer's end product 
and that the size of the label should be such that all the 
required information is legible without magnification. 



Sample label below: 

Unit contains Registered Protective Circuitry which com- 
plies with Part 68 of FCC Rules. 

FCC Registration Number: AMQ9SQ-14211-DM-E 

Ringer Equivalence: 0.9B 

Note 

The Rockwell modem module has the FCC registration 
number and ringer equivalence number permanently 
affixed to the solder side of the PCB and any unit con- 
taining this modem shall use this information for the 
label requirements. 



SPECIAL NOTICE FROM THE CANADIAN 
DEPARTMENT OF COMMUNICATIONS 

The Canadian Department of Communications label identifies 
certified equipment. This certification means that the equipment 
meets certain telecommunications network protective, opera- 
tional and safety requirements. The Department does not guar- 
antee the equipment will operate to the user's satisfaction. 

Before installing this equipment, users should insure that it is 
permissible to be connected to the facilities of the local telecom- 
munications company. The equipment must also be installed 
using an approved method of connection. In some cases, the 
company's inside wiring associated with a single line individual 
service may be extended by means of a certified jack-plug-cord 
ensemble (telephone extension cord). The customer should be 
aware that the compliance with the above conditions may not 
prevent degradation of service in some situations. Existing tele- 
communications company requirements do not permit their 
equipment to be connected to customer-provided jacks except 
where specified by individual telecommunications company tar- 
iffs. 

The Department of Communications requires the Certificate 
Holders to identify the method of network connection in the user 
literature provided with the certified terminal equipment. 

Repairs to certified equipment should be made by an authorized 
Canadian maintenance facility designated by the supplier. Any 
repairs or alterations made by the user to this equipment, or 
equipment malfunctions may give the telecommunications com- 
pany cause to request the user to disconnect the equipment. 

Users should ensure for their own protection that the electrical 
ground connections of the power utility, telephone lines and inter- 
nal metallic water pipe system, if present, are connected 
together. This precaution may be particularly important in rural 
areas. 

CAUTION 

Users should not attempt to make such connections them- 
selves, but should contact the appropriate electric inspec- 
tion authority, or electrician, as appropriate. 
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INTRODUCTION 

The Rockwell R2424 is a high performance full-duplex 2400 bps 
modem. Using state-of-the-art VLSI and signal processing tech- 
nology, the R2424 provides enhanced performance and reliabil- 
ity. The modem is assembled as a small module with a DIN con- 
nector (R2424M and R2424DC) or a new, smaller module (seven 
square inches) with a dual-in-line pin (DIP) interface. 

Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 21 2A 
and 103 compatible, the R2424 fits most applications for full- 
duplex 2400 and 1 200 bps fallback (synchronous and asynchron- 
ous) and to 300 bps asynchronous data transmission over the 
general switched telephone network, and over point-to-point 
leased lines. 

The direct-connect, auto dial/answer features are specifically 
designed for remote and central site computer applications. The bus 
interface allows easy integration into a personal computer, box 
modem, microcomputer, terminal or any other microprocessor- 
based communications product. 

The R2424DM, with Its small form factor and DIP connection, 
can be automatically installed and soldered onto a host module. 
Its small size is ideal for internal "1/2-card" PC modem 
applications. 



FEATURES 

• CCITT V.22 bis, V22 A, B Compatible 

• Bell 21 2A and 1 03 Compatible 

• Synchronous: 2400 bps, 1 200 bps, 600 bps ± 0.01 % 

• Asynchronous: 2400 bps, 1 200 bps, 600 bps + 1 %, - 2.5%, 
0-300 bps 

— Character Length 8, 9, 10, or 1 1 bits 

• DTE Interface 

— Functional: CCITT V24 (RS-232-C) (Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL Compatible 

• 2-wire Full-Duplex Operation 

• Adaptive and Fixed Compromize Equalization 

• Test Configurations: 

— Local Analog Loopback 

— Remote Digital Loopback 

— Self Test 

• Auto/Manual Answer 

• Auto/Manual Dial— DTMF Tone or Pulse Dial 

• Power Consumption: 2.3 Watts Typical 

• Power Requirements: +5Vdc, ±12Vdc 

• Three Module Configurations: 

— R2424DC (Direct Connect): DIN connector module with 
FCC approved DAA Part 68 Interface 

— R2424M: DIN connector module without DAA 

— R2424DM: DIP connection module without DAA 

• Two Functional Versions 

— R2424/US All data rates specified except 600 bps 

— R2424/INT All data rates specified except 0-300 bps 
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TECHNICAL SPECIFICATIONS 

TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 

The transmitter and signaling frequencies supported in the 
R2424 are listed in Table 1 . 



Table 1. 



Transmitter Carrier and Signaling 
Frequencies Specifications 





Frequency 


Mode 


(Hz ±0.010/0) 


V.22 bis low channel, Originate Mode 


1200 


V22 low channel, Originate Mode 


1200 


V.22 bis high channel, Answer Mode 


2400 


V.22 high channel, Answer Mode 


2400 


Bell 21 2A high channel Answer Mode 


2400 


Bell 21 2A low channel Originate Mode 


1200 


Bell 103/113 Originating Mark 


1270 


Bell 103/1 13 Originating Space 


1070 


Bell 103/113 Answer Mark 


2225 


Bell 103/1 13 Answer Space 


2025 



TONE GENERATION 

The specifications for tone generation are as follows: 

1 . Answer Tones: The R2424 generates echo disabling tones 
for both the CCITT and Bell configurations, as follows: 

a. CCITT 2100 Hz ±15 Hz. 

b. Bell: 2225 Hz ±10 Hz. 

2. Guard Tones: If GTS (see Interface Memory Definitions) is 
low, an 1800 Hz guard tone frequency is selected; if GTS is 
high, a 553.846 Hz tone is employed. In accordance with the 
CCITT V.22 Recommendation, the level of transmitted power 
for the 1800 Hz guard tone is 6 ± 1 dB below the level of the 
data power in the main channel. The total power transmitted 
to the line is the same whether or not a guard tone is enabled. 
If a 553.846 Hz guard is used, Its transmitted power is 
3 ± 1 dB below the level of the main channel power, and again 
the overall power transmitted to the line will remain constant 
whether or not a guard tone is enabled. The device accom- 
plishes this by reducing the main channel transmit path gain 
by .97 dB and 1.76 dB for the cases of the 1800 Hz and 
553.846 Hz guard tones respectively. 



3. DTIVIF Tones: The R2424 generates dual tone multi- 
frequency tones. When the transmission of DTMF tones are 
required, the CRQ and DTMF bits (see Interface Memory 
Definitions)must be set to a 1 . When in this mode, the specific 
DTMF tones generated are decided by loading the dial digit 
register with the appropriate digit as shown in Table 2. 

Table 2. Dial Digits/Tone Pairs 





Dial 




Hex 


Digits 


Tone Pairs 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


• 


941 1209 


OB 


Spare (B) 


697 1633 


00 


Spare (C) 


770 1633 


OD 


Spare (D) 


852 1633 


OE 


# 


941 1477 


OF 


Spare (F) 


941 1633 


10 


1300 Hz Calling Tone 




TONE DETECTION 

The R2424 detects tones in the 340 ± 5 Hz to 640 ± 5 Hz band. 
Detection Level: -10 dBm to -43 dBm 
Response Time: 17 ±2 ms 

SIGNALING AND DATA RATES 

The signaling and data rates for the R2424 are defined in 
Table 3. 



Table 3. Signaling and Data Rates 



Operating Mode 


Signaling Rate (Baud) 


Data Rate 


V.22 bis: 
V.22 bis: 


600 
600 


Synchronous/Asynchronous, 2400 bps ±0.01% 
Synchronous/Asynchronous, 1200 bps ±0.01% 


V.22: 

(Alternative A) 
Model 

Mode III 

(Alternative B) 
Mode 1 
Mode lii 

Mode ii 

Mode iv 


600 
600 

600 
600 


1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character 

600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character 


Bell 21 2A; 


600 
to 300 


1200 bps ±0.01%, Synchronous/Asynchronous 
to 300 bps Asynchronous 
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DATA ENCODING 

The specifications for data encoding are as follows: 

1. 2400 bps (V.22 bis). The transmitted data is divided into 
groups of four consecutive bits (quad bits) forming a 16-point 
signal structure. 

2. 7200 bps (V.22 and Bell 212A). The transmitted data is 
divided into groups of two consecutive bits (dibits) forming a 
four-point signal structure. 

3. 600 bps (V.22). Each bit is encoded as a phase change rela- 
tive to the phase preceding signal elements. 

EQUALIZERS 

The R2424 provides equalization functions that improve per- 
formance when operating over low quality lines. 

Automatic Adaptive Equalizer— An automatic adaptive equal- 
izer is provided in the receiver circuit for V.22 bis, V.22 and Bell 
21 2A configurations. 



Fixed Compromise Equalizer- 
is provided in the transmitter. 



-A fixed compromise equalizer 



TRANSMITTED DATA SPECTRUM 

After making allowance for the nominal specified compromise 
equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within ±150 microseconds over the frequency range 
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan- 
nel). 

SCRAMBLER/DESCRAMBLER 

The R2424 incorporates a self-synchronizing scrambler- 
/descrambler. In accordance with the CCITT V.22 bis, V.22 and 
the Bell 21 2A recommendations. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R2424 can adapt to received frequency 
errors of up to ±7 Hz with less than a 0.2 dBm degradation in 
BER performance. 

RECEIVE LEVEL 

The receiver circuit of the R2424 satisfies all specified perform- 
ance requirements for the received line signals from - 1 dBm to 
-48 dBm. The received line signal is measured at the receiver 
analog input RXA. 

TRANSMIT LEVEL 

The R2424M, R2424DM and R2424DC output control circuitry 
contains a variable gain buffer which reduces the modem output 
level. All three R2424 modems can be strapped via the host inter- 
face memory to accomplish this. 

PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 

The R2424M transmit level is + 6 dBm to allow a Data Access 
Arrangement (DAA) to be used. The R2424DM transmit level is 



dBm ±1.0 dBm. The DAA then determines the permissive or 
programmable configuration. 

The R2424DC transmit level is strapped in the permissive mode 
so that the maximum output level is - 10 dBm ± 1 .0 dBm. 



AUTOMATIC SPEED RECOGNITION 

The R2424 is capable of automatically configuring itself to the 
compatibility of a remote modem. The R2424 can be in either the 
answer or originate mode for this to occur. The compatibilities 
that the R2424 are limited to adapt to are V.22 bis, V.22 A/B 
(1200 bps). Bell 212, and Bell 103. If the R2424 is to originate in 
a specific configuration, the MODE bits (see Interface Memory 
Definitions)must be set. 



MODEM OPERATION 

Because the modem is implemented in firmware executed by a 
specialized computer (the signal processor), operation can best 
be understood by dividing this section into hardware circuits and 
software circuits. Hardware circuits include all pins on the 
modem connector. Software circuits include configuration, con- 
trol (soft strapping), status, and RAM access routines. 



HARDWARE CIRCUITS 

The functional interconnect diagram (Figure 1) shows the 
modem connected into a system. In this diagram, any point that 
is active when exhibiting the relatively more negative voltage of a 
two voltage system (e.g., Vdc for TTL or -12 Vdc for 
RS-232-C) is called low active and is represented by association 
with a small circle at the signal point. The particular voltage lev- 
els used to represent the binary states do not change the logic 
symbol. Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or open- 
drain) outputs. These signal points include the additional nota- 
tion of a small triangle or a small half-circle (see signal IRQ), 
respe ctivel y. Active low signals are named with an overscore 
(e.g., POR). In deciding whether a clock output is high active or 
low active, the convention followed Is to assume that the clocking 
(activating) edge appropriate to the host hardware is a transition 
from the clocks active to its inactive state (i.e., a trailing edge 
trigger). A clock intended to activate logic on its rising edge is 
called low active while a clock intended to activate logic on its 
falling edge is called high active. When a clock input is associ- 
ated with a small circle, the input activates on a falling edge. If 
no circle is shown, the input activates on a rising edge. 

The interconnect signals on Figure 1 are organized into six 
groups of modem operation: overhead signals, V.24 Interface 
signals, microprocessor interface signals, DAA signals, analog 
signals, and ancillary signals. Table 4 lists these groups along 
with their corresponding connector pin numbers. The column 
titled "Type" refers to designations found in the Hardware Cir- 
cuits Interface Characteristics (Tables 5 and 6). The six groups 
of hardware circuits are described in the following paragraphs. 
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POWER-ON RESET 

Basic modem operation can be understood most easily by begin- 
ning witii the modem configured to default conditions. When the 
modem is initially energized a signal called Power-On-Reset 
(POR) causes the modem to assume a valid operational state. 
The modem drives pin 1 3C to ground during the beginning of the 
POR sequence. Approximately 350 ms after the low to high tran- 
sition of pin 13C, the modem is ready for normal use. The POR 
sequence is reinitiated anytime the +5V supply drops below 
-I- 3.5V for more than 30 ms, or an external device drives pin 1 3C 
low for at least 3 fis. When an external low input is applied to 
pin 130, the modem is ready for normal use approximately 
350 ms after the low input is removed. Pin 130 is not driven low 
by the modem when the POR sequence is initiated externally. In 
all cases, the POR sequence requires 350 ms to complete. The 
R2424 POR sequence leaves the modem configured as follows: 



• 2400 bps 

• Asynchronous 

• 1 0-bit Character Length 

• Constant Carrier 

• Serial Control Mode 

• Answer Mode 

• Auto Answer Disabled 

• RAM Access Code = 00 

This configuration is suitable for performing high speed data 
transfer over the public switched telephone network using the 
serial data port. Individual features are discussed in subsequent 
paragraphs. 
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Figure 1. R2424 Modem Functional Interconnect Diagram 
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Table 4. Hardware Circuits 







DIN 


DIP* 




Name 


Type 


Pin No. 


Pin No. 


Description 


A. OVERHEAD SIGNALS 


Ground (A) 


AGND 


310, 32C 


23,39 


Analog Ground 
Return 


Ground (D) 


DGND 


30, 80, 


22, 40, 


Digital Ground 






5A, 10A 


51,60 


Return 


+ 5 volts 


PWR 


190, 230, 
260, 300 


1,21, 
61 


+ 5 volt supply 


+ 12 volts 


PWR 


15A 


24 


+ 12 volt supply 


- 12 volts 


PWR 


12A 


27 


- 12 volt supply 


POR 


I/OB 


130 


15 


Power-on-Reset 


B. MICROPF 


^OCESSC 


)R INTERFAC 


:e signal 


-S 


D7 


l/OA 


10 


52 


t 


D6 


l/OA 


1A 


53 




D5 


l/OA 


20 


54 




D4 


l/OA 


2A 


55 




D3 


l/OA 


3A 


56 


Data Bus (8-Lines)* 


D2 


l/OA 


40 


57 






D1 


l/OA 


4A 


58 






DO 


l/OA 


50 


59 






RS3 


lA 


60 


45 






RS2 


lA 


6A 


44 






RSI 


lA 


70 


43 


Register Select 


RSO 


lA 


7A 


42 


(4-Lines) 


CSO 


lA 


100 


48 


Ohip Select 
Receiver (Baud 
Rate Device) 


CS1 


lA 


90 


41 


Chip Select Trans- 
mitter (Sample 
Rate Device) 


READ 


lA 


120 


— 


Read Enable 


READ 


lA 


— 


47 


Read Enable 


WRITE 


lA 


11A 


49 


Write Enable 


IRQ 


OB 


110 


50 


Interrupt Request 


*Note: The I 
Thus 
the F 


^2424DM 
the Bus 
2424DM. 


is only used 
Select bits m 


In parallel 
ust be set 


control mode, 
to a 1 when using 







DIN 


DIP 




Name 


Type 


Pin No. 


Pin No. 


Description 


0. V.24 INTERFACE SIGNALS 


XTOLK 


IB 


22A 


2 


External Transmit 
Clock 


TDOLK 


00 


23A 


7 


Transmit Data Clock 


RDOLK 


00 


21A 


8 


Receive Data Clock 


RTS 


IB 


25A 


— 


Request-to-Send 


OTS 


00 


250 


4 


Clear-to-Send 


TXD 


IB 


240 


5 


Transmit Data 


RXD 


00 


220 


10 


Receive Data 


RLSD 


00 


24A 


11 


Received Line Signal 
Detector 


DTR 


IB 


21C 


— 


Data Terminal Ready 


DSR 


OC 


20A 


13 


Data Set Ready 


Rl 


00 


18A 


14 


Ring Indicator 


D ANALOG SIGNALS 


RXA (M/DM) 


IB 


32A 


25 


Receive Analog Input 


TXA (M/DM) 


OC 


31A 


26 


Transmit Analog 
Output 


TIP/RING (DO) 


AE 


RJ11 Jacks 


— 


Phone Line Interface 


LINE 










MONITOR (DO) 


AD 


30A 


— 


Analog Line Monitor 


E. DAA INTERFACE SIGNALS 


RD(M) 


IB 


27A 


_ 


Ring Detect 


RD (DM) 


IB 


— 


35 


Ring Detect 


ROOT (M) 


OC 


28A 


— 


Request Coupler Cut 










Through 


OCT (M) 


IB 


290 


— - 


Coupler Cut Through 


OH 


00 


29A 


— 


Off-Hook Relay Status 


OH 


OC 


— 


36 


Off-Hook Relay Status 


F. ANCILLARY INTERFACE SIGNALS 


TBOLK 


00 


270 


6 


Transmit Baud Clock 


RBOLK 


00 


26A 


9 


Receive Baud Clock 


TLK 


10 


280 


— 


Talk (TLK = Data) 


ORG 


IB 


160 


— 


Originate 

(ORG = Answer) 


(M) R2424M only. (D 


C) R2424DC 


only. - 


= not applicable 


(DM) R2424DM only. 








Unused inputs tied to 


f 5V or groun 


d require 


ndividual 10KQ series 


resistors 















Table 5. Digital Interface Characteristics 








Symbol 


Parameter 


Units 


Input/Ouput Type 


lA 


IB 


10 


OA 


OB 


OC 


l/OA 


I/OB 


V|H 


Input Voltage, High 


V 


2.0 min. 


2.0 mm. 


2.0 min. 








2.0 mm. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max. 








0.8 max. 


0.8 max. 


VoH 


Output Voltage, High 


V 








2.4 min.^ 






2.4 min.2 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.^ 


'in 


Input Current, Leakage 


^A 


±25 max. 












±2.5 max.4 




'oh 


Output Current, High 


mA 








-0.1 max. 










'oL 


Output Current, Low 


mA 








1.6 max. 


1.6 max. 


1.6 max. 






'l 


Output Current, Leakage 


/.A 










±10 max. 








'pu 


Pull-up Current 
(Short Circuit) 


/^A 




- 240 max. 
-10 min. 


- 240 max 
-10 mm. 






- 240 max. 
-10 min. 




-260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Co 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open-Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes: 


1.1 load = -100/iA 2. 


1 load 


= 1 .6 mA 


3 1 load = -40 ^A 4.^ 


y.N = 0.4 to 2.4 Vdc, Vcc 


= 5 25 Vdc 


5. 1 load = 0.36 mA 
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Table 6. Analog Interface Characteristics 



Nsmc 


Type 


Characteristics 


TXA 

RXA 

LINE 
MONITOR 

TIP/RING 


AA 

AB 

AD 
AE 


The transmitter output impedance is 604fi 
±1% with an output level of +6 dBm. 
To obtain a dBm output, a 600Q load to 
ground is needed. 

The receiver input impedance is 23.7 KQ 
±1%. The receive level at RXA must be 
no greater than - 9 dBm (or - 6 dBm 
with the 3DB bit enabled). 

The line monitor output impedance is 
15 Kn ±5%. 

The impedance of TIP with respect to 
RING is 600 Q. 



V.24 INTERFACE 

Eleven hardware circuits provide timing, data, and control sig- 
nals for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (OV, + 5V). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry nor- 
mally found within stand-alone modem enclosures or equipment 
cabinets. For driving longer cables, the voltage levels and con- 
nector arrangement recommended by El A standard RS-232-C 
are preferred. 

The sequence of events leading to successful data transfer from 
transmitter to receiver is: 

1 . The transmitter Is activated and a training sequence is sent. 

2. The receiver detects channel energy above the prescribed 
threshold level and synchronizes its operation to the 
transmitter. 

3. Data transfer proceeds to the end of the message. 

4. The transmitter turns off after insuring that all data has had 
time to be recovered at the receiver output. 

Data Terminal Ready (DTR) 

DTR prepares the modem to be connected to the communica- 
tions channel, and maintains the connection established by the 
DTE ( manua l answering) or Internal (automatic answering) 
means. DTR OFF places the modem In the disconnect state. 

Data Set Ready (DSR) 

Data Set Ready (D SR) O N indicates that the modem is in the 
data transfer state. DSR OFF is an indication that the DTE is to 



disregaj;d all si gnals appearing on the interchange circuits— 
except Rl. DSR will switc h to the OFF state when in test state. 
The ON condition of DSR indicates the following: 

1. The modem is not in the talk state, i.e., an associated tele- 
phone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem has generated an answer tone or detected 
answer tone. 

4. After ring indicate (Rl) goes ON, DSR waits at least two sec- 
onds before turning ON to allow the telephone company 
equipment to be engaged. 

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a 
maximum of 4 seconds when the SSD bit is enabled. 

Request To Send (RTS) 

RTS ON allows the modem to transmit dat a on TXD when GTS 
beco mes active. In constant carrier mode, RTS can be wired to 
DTR . In controlled carrier operation, independent ope ratio n of 
RTS turns the carrier ON and OFF The responses to RTS are 
shown In Table 7 (assume the modem Is in data mode). 

Table 7. RTS Responses 




Leased or Dial Line^ 


RTS OFF 


RTS ON 


Controlled Carrier 


CTS OFF 


Carrier ON 




Carrier OFF 


210 to 275 ms Scrambled 

Is Transmitted 
CTS ON 


Constant Carrier 


CTS OFF 


CTS ON 




Carrier ON 


Carrier ON 




Scrambled 1s 


Data Transmitted 




Transmitted 




Note: 






1. After handshake is 


complete. 





Clear To Send (CTS) 

CTS ON indicates to the terminal equipmen t that the modem will 
transmit any data which is prese nt on TXD. CTS response times 
from an ON or OFF condition of RTS are shown in Table 8. 



Table 8. CTS Response Times 


CTS Transition 


Constant Carrier 


Controlled Carrier 


OFF to ON 
ON to OFF 


<2 ms 
<20 ms* 


210 to 275 ms 
<20 ms* 


Note: * Programmable 
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Transmit Data Clock (TDCLK) 

The modem provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1 . Frequency. Selected data rate of 2400 Hz, 1 200 Hz or 600 Hz 
(±0.01%). 

2. Duty Cycle. 50 ±1%. 

TDCLK is provided to the user in both asynchronous and syn- 
chronous communications. TDCLK is not necessary in asyn- 
chronous communication but it can be used to supply a clock for 
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec- 
essary for synchronous communication. In this case Transmit 
Data (TXD) must be stable during the one iis periods immedi- 
ately preceding and following the rising edge of TDCLK. 

External Transmit Clock (XTCLK) 

In synchronous communication where the user needs to supply 
the transmit data clock, the Input XTCLK can be used. The clock 
supplied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input is then reflected at TDCLK. 



Receive Data Clock (RDCLK) 

The modem provides a Receive Data Clock (RDCLK) output in 
the form of a 50 ±1% duty cycle squarewave. The low-to-high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a ± .035% 
(relative) frequency error in the associated transmit timing 
source. 



RDCLK is provided to the u ser in bo th asynchronous and syn- 
chronous communications. RDCLK is not necessary in asyn- 
chronous communica tion but it can be used to su pply a cl ock for 
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec- 
essary for synchronous communication. 



Received Line Signal Detector (RLSD) 

The RLSD thresholds for both high and low channels are: 



RLSD will not respond to guard tones or answer tones. 

When RLSD is active, it indicates to the terminal equipment that 
valid data is available on RXD. 

Transmitted Data (TXD) 

The modem obtains serial data from the local DTE on this input. 

Received Data (RXD) 

The modem presents received data to the local DTE on this 
output. 

Ring Indicator (Rl) 

The modem provides a Ring Indicator (Rl) output; its low state 
indicates the presence of a ring signal on the line. The low condi- 
tion appears approximately coincident with the ON segment of 
the ring cycle (during rings) on the communication channel. (The 
ring signal cycle is typically two seconds ON, four seconds OFF.) 
The high condition of the Rl output is maintained during the OFF 
segment of the ring cycle (between rings) and at all other times 
when ringing is not being receiv ed. T he operation of Rl Is not 
disabled by an OFF condition on DTR. 

Rl will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 1 50 Vrms (applied 
across TIP and RING), with the response times given in Table 13. 

This OFF-to-ON (ON-to-OFF) response time is defined as the 
time interval between the sudden connection (removal) of the 
ring signal across TIP and RING and the subsequent ON (OFF) 
transition of Rl. 



Table 9. Rl Response Time 



RLSD ON > -43dBm 
RLSD OFF < -48dBm 



Rl Transition 


Response Time 


OFF-to-ON* 
ON-to-OFF 


110 ±50 ms (50% duty cycle) 
450 ±50 ms 


Note: *The OFF-to-ON time is duty cycle dependent: 
890 ms (15%) > time > 50 ms (100%) 
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MICROPROCESSOR INTERFACE 

Seventeen hardware circuits provide address, data, control, and 
Interrupt signals for implementing a parallel interface compatible 
with an 8080 microprocessor. With the addition of a few external 
logic gates, the interface can be made compatible with a wide 
variety of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means of 
soft strappable control bits and modem status bits. The signifi- 
cance of the control and status bits and methods of data inter- 
change are discussed in a later section devoted to software cir- 
cuits. This section describes the operation of the interface from a 
hardware standpoint. 

Chip Select (CSO and CST) and 
Register Selects (RSO-RSI) 

The signal processor to be accesse d is s el ected by grounding 
one of two unique chip select lines, CS1 or CSO. The selected 
chip decodes the four address lines, RS3 through RSO, to select 
one of sixteen internal registers. The most significant address bit 
(2^) is RS3 while the least significant address bit (2^) is RSO. 
Once the address bits have been decoded, the selected register 
can be read from or written into via an 8-bit parallel data bus, D7 
through DO. The most significant data bit {27) is D7 while the 
least significant data bit (2^) is DO. 

Read Enable ( REAP) and 
Write Enable (WRITE) 

Reading or writing is activ ated by pulsing either the RE AD input 
high (R2424M) or READ input low (R2424DM), or the WRITE 
input low. During a read cycle, data from the selected register is 
gated onto the data bus by means of three-state drivers. These 
drivers force the data lines high for a one bit or low for a zero bit. 
When not being read, the three-state drivers assume their off, 
high-impedance, state. During a write cycle, data from the data 
bus is copied into the selected register, with high and low bus 
levels representing one bits and zero bits, respectively. The tim- 
ing required for correct read/write cycles is illustrated in Figure 2. 
Ljogic necessary to convert the single R/W out put fro m a 
65XX s eries microprocessor to the separate READ/READ and 
WRITE signals required by the modem is shown in Figure 3. 

Interrupt Request (IRQ) 

The final signal on the microprocessor interface is Interrupt 
Request (IRQ). This signal may be connected to the host micro- 
processor interrupt request input in order to interrupt host pro- 
gram execution for modem service. The use of IRQ is optional 
and the method of software implementation is described in a 
subsequent section, Software Circuits. The IRQ output structure 
is an open-drain field-effect-transistor (FET). This form of output 
allows IRQ to be connected in parallel to other sources of inter- 
rupt. Any of these sources can drive the host interrupt input low, 
and the interrupt servicing proce ss continues until all interrupts 
have been cleared and all IRQ sources have returned to their 
high impedance state. Because of the open-drain structure of 
IRQ, an external pull-up resistor to + 5 volts is required at some 
point on the IRQ line. The resistor value should be small enough 



to pull the IRQ line high when all IRQ drivers are off (i.e., it must 
overcome the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a lev el acc eptable 
to each driver For the case where only the modem IRQ driver is 
used, a resistor value of 5.6K ohms ±20%, 0.25 watt, is 
sufficient. 

DAA INTERFACE (R2424M) 

The R2424M provides a Data Access Arrangement (DAA) 
interace that is directly hardware and software compatible with 
the RDAA. Manual/automatic originate and answer are then con- 
trolled via the appropriate R2424M hardware ancillary circuits or 
software control bits. The modem provides the only interface with 
the microprocessor (MRU) bus, i.e., no RDAA interface signals 
must be directly controlled from the MRU bus. 

Ring Detect (RD) 

RD low indicates to the modem by an ON condition that a 
ringing signal is present. The signal (a 4N35 optoisolator com- 
patible output) into the RD input should not respond to momen- 
tary bursts of ringing less than 1 25 ms in duration, or to less than 
40 Vrms, 15 to 68 Hz, appearing across TIP and RING with 
respect to ground. The ring is then reflected on Rl. 

Request Coupler Cut Through (RCCT) 

ROOT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
OFF (low), the cut-through buffers are disabled and OCT should 
go OFF (high). RCCT should be OFF during dialing but ON for 
tone address signaling. 

Coupler Cut Through (CCT) 

An ON (low) signal to the CCT lead indicates to the modem that 
the data transmission path through the DAA is connected. This 
input can always be groun ded if the two second billing delay 
squelch is desired. If CCT is user controlled, the billing delay 
squelch can only be 2 seconds or greater 

Off-Hook Relay Status (OH) 

The modem provides an OH output which indicates the state of 
the OH relay. A high condition on OH implies the OH relay is 
closed and the modem is connected to the telephone line (off- 
hook). A low condition on OH implies the OH relay is open (i.e., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open or 
open-to-close transition of the OH relay is 8 ms maximum. 

DAA INTERFACE (R2424DM) 

The R2424DM provides the following DAA interface signals: RD, 
OH, TXA and RXA. Manual/automatic originate and answer are 
controlled via appropriate software control bits. 

Ring Detect (RD) 

RD indicates to the modem by an ON (high) condition that a 
ringing signal is present. The signal (a 4N35 optoisolator com- 
patible output) into the RD input should not respond to momen- 
tary bursts of ringing less than 125 ms in duration, or to less than 
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Figure 2. Microprocessor interface Timing Diagram 
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Figure 3. R/W to READ WRITE Conversion Logic 
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40 Vrms, 15 to 68 Hz, appearing across TIP and RING with 
respect to ground. The ring is then reflected on Rl. 

Off-Hook Relay Status (OH) 

The modem provides an OH output whjch indicates the state of 
the Off-Hook relay. A low condition on OH implies the Off-Hook 
relay is closed and the modem isconnected to the telephone line 
(off-hook). A high condition on OH implies the Off-Hook relay is 
open (i.e.. the modem is on-hook). The delay between the low-to- 
high or high-to-low transition of OH and the subsequent close-to- 
open or open-to-close transition of the Off-Hook relay is 8 ms 
maximum. 

ANALOG SIGNALS (R2424M/R2424DM) 

Two connections are devoted to analog audio signals: TXA and 
RXA. 

Transmit Analog (TXA) 

The R2424M TXA output is suitable for driving a data access 
arrangement for connection to either leased lines or the public 
switched telephone network. The transmitter output impedance 
is 604 ohms ± 1% with an output level of + 6 dBm ± 1 dBm. To 
obtain a dBm output, a 600 ohm load to ground is needed. 

The R2424DM TXA output is an op amp output at dBm 
±1dBm. 



Table 10. R2424DC Network Interface 



Connector 
Type 


Pin 
Number 


Name 


Function 


RJ11 Jack 


3 
4 


RING 
TIP 


One Side of TELCO Line 
One Side of TELCO Line 




TO I 

NETWORK I 



MINIATURE j ^ ! ^ I ^ 

6 POSITION JACK , | 



MINIATURE 

6 POSITION PLUG 



'1 



:) 



TO OTHER 
EQUIPMENT 



I 

RING (RED WIRE) 



VsTsTT 
".ft*"! 



R2424 
MODEM JACK 



TELEPHONE 
CORD 



- TIP (GREEN WIRE) 



Figure 4. RJ1 1 Telephone Jack 



Receive Analog (RXA) 

RXA is an input to the receiver from a data access arrangement. 
The input impedance Is 23. 7K ohms ± 1 %. The received level at 
RXA must be no greater than - 9 dBm (or - 6 dBm with the 3DB 
bit enabled). 

ANALOG SIGNALS (R2424DC) 

Three analog signals are output by the R2424DC: LINE MONI- 
TOR, TIP and RING. 



Analog Line Monitor (LINE MONITOR) 

The LINE MONITOR output is suitable for a speaker interface. It 
provides an output for all dialing signals, call progress signals, 
and the carrier signals. The output impedance is 15Kohms 
± 1 %. The signals which appear on LINE MONITOR are approx- 
imately the same level as the signals would appear on the net- 
work (assuming a 1 dB loss attributed to the audio transformer). 

Phone Line Interface (TIP and RING) 

TIP and RING are the DAA analog outputs to the public switched 
telephone network. These outputs use two RJ1 1 jacks in parallel 
as the interface to the network (see Table 10 and Figure 4). The 
R2424DC, which contains the DAA TIP and RING Interface, has 
been FCC Part 68 approved. The user need not apply for further 
Part 68 approval. The impedance of TIP with respect to RING is 
600 ohms. 



ANCILLARY CIRCUITS 

Transmit Baud Clock (TBCLK) and 
Received Baud Clock (RBCLK) 

TBCLK and RBCLK are provided to the user at the baud rate 
(600 Hz). 

Talk (TLK) (DIN Module Only) 

TLK is an input which manually places the modem on-hook (relay 
open, TLK = 0) or off-hook (relay closed, TLK = 1). The on-hook 
condition is referred to as TALK mode and the off-ho ok condition 
is referred to as DATA mode. TLK is used with ORG to manually 
originate or answer a call. TLK should be at power-on or reset to 
prev ent the modem from inadvertently entering the data mode. 
TLK is not provided on the R2424DM. 

Originate (ORG) (DIN Module Only) 

ORG is an i nput w hich manually places the modem In the origi- 
nate mode (ORG « ) or th e answer mode (ORG = 1). To man- 
ually originate a call, ORG - and TLK - 0. Dial the number 
using the telephone. When the other modem answers and sends 
answer tone switch the TLK input from to 1 placing the modem 
off-hook. 

To manually answer a call ORG = 1 and TLK = 0. When the 
phone rin gs sw itch the TLK input from to 1 placing the modem 
off-hook. ORG is not provided on the R2424DM. 
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SOFTWARE CIRCUITS 

Operation of the microprocessor interface circuits was described 
in the hardware section from the standpoint of timing and load- 
/drive characteristics. In this section, operation of the microproc- 
essor interface is described from a software standpoint. 

The modem is implemented in firmware running on two special 
purpose signal processors. These signal processors share the 
computing load by performing tasks that are divided into two 
areas. These areas are partitioned into receiver and transmitter 
devices. 

INTERFACE MEMORY 

Each signal processor can communicate with the host processor 
by means of a specialized, dual-port, scratch-pad memory called 
interface memory. A set of sixteen 8-bit registers, labeled regis- 
ter through register F, can be read from or written into by either 
the host processor or signal processor. The host communicates 
via the microprocessor interface lines shared between the two 
signal processors. The signal processor communicates via its 
internal I/O bus. Information transfer from SP RAM to interface 
memory is accomplished by the signal processor logic unit mov- 
ing data between the SP main bus and the SP I/O bus. Two of the 
16 addressable interface memory registers (i.e., register and 
register E) have unique hardware connections to the interrupt 
logic. It is possible to enable a bit in register E to cause an inter- 
rupt each time it sets. This interrupt can then be cleared by a read 



or write cycle from the host processor to register 0. This opera- 
tion is discussed in detail later in this section. 

Memory maps of the 32 address able registers in the modem 
receiver (CSO) and transmitter (CS1) interface memory are 
shown in Figures 5 and 6, respectively. These registers may be 
read or written on any host read or write cycle, but all eight bits of 
that register are affected. In order to read a single bit or a group of 
bits in a register, the host processor must mask out unwanted 
data. When writing a single bit or group of bits in a register the 
host processor must perform a read-modify-write operation. That 
is, the entire register is read, the necessary bits are set or reset in 
the accumulator of the host, then the original unmodified bits and 
the modified bits are written back into the register of the interface 
memory. 

Figures 7 and 8 show the registers according to the overall func- 
tion they perform in the receiver and transmitter, respectively. 
Figures 9 through 12 show the power on configurations of the 
interface memory bits for the R2424/US and the R2424/INT ver- 
sions. 

Table 1 1 defines the individual bits in the interface memory. In the 
Table 1 1 descriptions, bits in the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by Y (0 or 
1), the register number by Z (0 through F), and the bit number by 
Q(0 through 7, with = LSB). 
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Figure 5. Receiver (CSO) interface IVIemory Map 



Figure 6. Transmitter (CS1) Interface ly/lemory IMap 



Regi8tei\ 


7 


6 


5 


4 


3 


2 


1 





F 


DIAGNOSTIC CONTROL 


E 


HANDSHAKE 


D 


CONFIGURATION 


C 


CONFIGURATION 


B 


CONFIGURATION 


A 


CONFIGURATION 


9 


STATUS 


8 


STATUS 


7 


RESERVED 


6 


RESERVED 


5 


DIAGNOSTIC 


4 


DIAGNOSTIC 


3 


DIAGNOSTIC 


2 


DIAGNOSTIC 


1 


RESERVED 





RESERVED 


y< 


7 


6 


5 


4 


3 


2 


1 






ReglsteK^ 


7 


6 


5 


4 


3 


2 


1 





F 


DIAGNOSTIC CONTROL 


E 


HANDSHAKE 


D 


CONFIGURATION 


C 


CONFIGURATION 


B 


CONFIGURATION 


A 


CONFIGURATION 


9 


CONFIGURATION 


8 


STATUS 


7 


RESERVED 


6 


RESERVED 


5 


DIAGNOSTIC 


4 


DIAGNOSTIC 


3 


DIAGNOSTIC 


2 


DIAGNOSTIC 


1 


RESERVED 





DIAL DIGIT REGISTER 


Reglst^i^/ 


7 


6 


5 


4 


3 


2 


1 






Figure 7. Receiver (CSO) Interface IVIemory Functions 



Figure 8. Transmitter (CS1) Interface l\/lemory Functions 
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Figure 9. R2424/US Receiver (CSO) Interface Memory 
Power On Configuration 
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Figure 1 0. R2424/US Transmitter (CS1 ) Interface Memory 
Power On Configuration 
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Figure 11. R2424/INT Receiver (CSO) Interface Memory 
Power On Configuration 



Figure 1 2. R2424/INT Transmitter (CS1 ) Interface Memory 
Power On Configuration 
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Table 11. Interface Memory Definitions 



Mnemonic 


Name 


Memory 
Location 


Descriptioh 


AAE 


Auto Answer Enable 


1:D:4 


When configuration bit AAE is a 1 , the modem will automatically answer 
when a nnging signal is present on the line. When AAE is set to a 1, the 
modem will answer after one ring and go into data mode. 

The modem goes off-hook 1 second after the on-to-off transition of the ring. 
The ORG pin or ORG bit need not to be set to the answer polarity. If it is 
desired to answer after more than one ring, then the user must use the 
alternative answer method described under the DATA bit. The DTR pin or 
the DTR bit must also be set before the modem will auto answer. Writing a 
into the AAE bit will cause the modem to go on-hook. This will occur only 
when the modem auto answers using the AAE bit. 


AL 


Analog Loopback 


(0,1):B:0 


When configuration bits AL are a 1, the modem is in local analog loopback 
(V.54 Loop 3). In this loop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem's telephone line interface. 
An attenuator is introduced into the loop such that the signal level coupled 
into the receive path is attenuated 14 ±1 dBm. The modem may be placed 
into analog loopback in either the idle mode or the data mode. However, in 
the data mode, setting the AL bits to a 1 will terminate the connection. 
Analog loopback will only function in the high speed modes (2400, 1200, or 
600 bps). 

The DTE may be tested when the modem is in analog loopback. Also, all 
parts of the modem except the line interface are checked. If no DTE is 
connected, the modem integrity may be verified by use of the self test 
function. When entering analog loopback, set AL in the receiver to a 1 before 
setting AL in the transmitter to a 1 . 

When exiting analog loopback, reset AL in the transmitter to a before 
resetting AL in the receiver to a 0. 


ATD 


Answer Tone Detected 


0:8:6 


When status bit ATD is a 1 , it signifies that the modem receiver detected the 
answer tone. The bit is 1 set 75 ms after the answer tone is first detected, 
and IS cleared to a when the modem goes on-hook. The user may clear 
ATD manually after CTS is active. 


BUS 


Bus Select 


(0,1):D:7 


When configuration bits BUS are a 1 , the modem is m the parallel control 
mode; and when 0, the modem is in the serial control mode. BUS can be in 
either state to configure the modem. 

Serial Control Mode 

The serial mode uses standard V.24 (RS-232-C compatible) signals to 
transfer channel data. The control signals used in serial control mode are 
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected 
both m the interface memory and the V.24 interface. Once the bus bits have 
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are 
ignored. 

Parallel Control Mode* 

The modem has the capability of modem control via the microprocessor bus. 
Data transfer is maintained over the serial V.24 channel. The control bits 
used in parallel control are DTR, RTS, ORG, and DATA. 

The modem automatically defaults to the serial mode at power-on. 

If the parallel control mode is to be used, it is recommended that the TLK pin 
be tied to ground. A floating TLK pm will assume a logic 1 which will 
immediately put the modem into the data mode before the BUS bits are set. 

In either mode, the modem is configured by the host processor via the 
microprocessor bus. 

*The R2424DM is only used in the parallel control mode. 
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Table 1 1 . Interface Memory Definitions (Continued) 



MnGinonic 


Name 


Memory 
Location 


Description 


CC 


Controlled Carrier 


1-9:2 


When configuration bit CC is a 1 , the modem operates in controlled carrier; 
when 0, the modem operates in constant carrier. 

Controlled carrier allows the modem transmitter to be controlled by the RTS 
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions. 


CHAR 


Character Length Select 


(0,1):C:(3.4) 


These character length bits select either 8, 9, 10, or 11 bit characters 
(includes data, stop, and start bits) as shown below: 

Configuration Word Configuration 
4 3 

8 bits 

1 9 bits 

1 10 bits 
11 11 bits 

It is possible to change character length during the data mode. Errors in the 
data will be expected between the changeover and the resynchronizatlon 
(which occurs on the next start bit after the change is implemented). 


CRQ 


Call Request 


(0,1):D:6 


When configuration bit CRQ in chip 1 (the transmitter) is a 1 , it places the 
transmitter in auto dial mode The data then placed in the Dial Digit Register 
is treated as digits to be dialed. The format for the data should be a hex 
representation of the number to be dialed (if a 9 is to be dialed then an 09^5 
should be loaded in DDR). CRQ in chip 1 should be a 1 for the duration of 
the data mode If CRQ in chip 1 is changed to a 0, the modem will go 
on-hook. Also, see DDRE bit. 

When configuration bit CRQ in chip (the receiver) is a 1, the receiver goes 
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz 
bandwidth is reflected by the TONE bit. CRQ in chip must be reset to a 
(after the last digit was dialed and tone detection completed) before the 
answer tone is sent by the answering modem (after ringback is detected). 
CRQ in chip need not be used during auto dialing, but may be used to pro- 
vide call progress information as part of an intelligent auto dialing routine. An 
example flowchart is given in Figure 13. 

FF (hex) should be loaded into the Dial Digit Register after the last digit is 
dialed and tone detection is completed. This action also puts the modem in 
data mode and starts a 30 second abort timer. If the handshake has not 
been completed in 30 seconds the modem will go on-hook. 


CTS 


Clear-to-Send 


1:8:6 


When status bit CTS is a 1 , it indicates to the terminal equipment that the 
modem will transmit any data which are present at TXD. 

CTS response times from an ON or OFF condition of RTS are shown below: 

CTS Transition Constant Carrier Controlled Carrier 

OFF to ON <2 ms 210 to 275 ms 
ON to OFF <20 ms* <20 ms* 
•Programmable 


DATA 


Talk/Data 


1:D:5 


When control bit DATA is a 1 , the modem is in the data state (off-hook); and 
when 0, the modem is in the talk state (on-hook). This bit allows the modem 
to go off-hook after a programmable number of rings by counting the required 
number of Rl bit transitions and then setting the DATA bit (assuming ORG = 0). 


DDEI 


Dial Digit Empty Interrupt 


1:E:2 


When handshake bit DDEI is a 1, an interrupt will occur when the Dial Digit 
Register (10) is empty (DDRE = 1). This is independent of the state of the 
ENSI bit. The interrupt will set the IRQ bit and also assert the IRQ signal. 
Loading the Dial Digit Register with a new digit will clear the interrupt 
condition. 
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Table 1 1 . Interface Memory Definitions (Continued) 



Mnsinonic 


Name 


Memory 
Location 


Description 


DDR 


Dial Digit Register 


1 .0:(0-7) 


DDR is used to load the digits to be dialed. Example: If a 4 is to be dialed, 
an 04 (hex) should be loaded. This action also causes the interrupt to be 
cleared The modem automatically accounts for the interdigit delay. Note: 
DDR IS a write-only register. 


DDRE 


Dial Digit Register Empty 


1:E:0 


When handshake bit DDRE is a 1 , it indicates that the dial digit register is 
empty and can be loaded with a new digit to be dialed. If the DDEI bit is set, 
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be 
generated. 

After the DDR is loaded, DDRE goes to a and the interrupts are 
automatically cleared. 


DL 


Digital Loopback (Manual) 


(0,1).A:5 


When configuration bits DL are set to a 1, the modem is manually placed in 
digital loopback. DL should only be set during the data mode. The DSR and 
CTS bits will be reset to a 0. The local modem can then be tested from the 
remote modem end by looping a remotely generated test pattern. At the 
remote modem, all interface circuits behave normally as in the data mode. 

At the conclusion of the test, DL must be reset to a 0. The local modem will 
then return to the normal data mode with control reverting to the DTEs, DTR. 

DL does not function in 300 bps. 


DLO 


Dial Line Occupied 


1-8:7 


When status bit DLO is a 1 , it indicates that the modem is in the auto dial 
state, 1 e., CRQ in the transmitter is a 1 and the modem is off-hook and 
ready to dial. 


DLSF 


Disable Low Speed Fallback 


1:C0 


When configuration bit DLSF is a 1 , the modem will not automatically 
fallback to the 300 bps operating mode if it is configured for another data 
rate. This bit is valid in originate mode only. 


DSR 


Data Set Ready 


1:8:5 


The ON condition of the status bit DSR indicates that the modem is in the 
data transfer state The OFF condition of DSR is an indication that the DTE 
is to disregard all signals appearing on the interchange circuits — except Rl. 
DSR will switch to the OFF state when in test state. The ON condition of 
DSR indicates the following: 

The modem is not in the talk state, i e., an associated telephone handset is 
not in control of the line 

The modem is not in the process of automatically establishing a call via 
pulse or DTMF dialing. 

The modem has generated an answer tone or detected answer tone. 

After ring indicate goes ON, DSR waits at least two seconds before turning 
ON to allow the telephone company equipment to be engaged. 

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum 
of 4 sec when the SSD bit is enabled 


DSRA 


Data Set Ready in Analog 
Loopback 


1:C:7 


When configuration bit DSRA is a 1, it causes DSR to be ON during analog 
loopback. 
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Table 11. Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



DTMF 



Touch Tones/Pulse Dialing 



1:B:1 



DTR 



EF 



Data Terminal Ready 



Enable Filters 



1:D:3 



1:9:1 



ENSI 



ERDL 



GTE 



Enable New Status Interrupt 



Enable Response to 
Remote Digital Loopback 



Guard Tone Enable 



(0,1):E:6 



(0,1).A.7 



1:B:4 



When configuration bit DTMF is a 1, it tells the modem to auto dial using 
tones; and when 0, the modem will dial using pulses. 

The timing for the pulses and tones are as follows (power-on timing): 



Pulses - 



Relay open 64 ms 
Relay closed 36 ms 
Interdigit delay 750 ms 



Tones — Tone duration 95 ms 
Interdigit delay 70 ms 

The DTMF bit can be changed during the dialing process to allow either tone 
or pulse dialing of consecutive digits. The output power level of the DTMF 
tones is as follows: 

± 15 dBm ± 1 measured at TXA for the R2424M 
-1 dBm ± 1 measured at TIP/RING for the R2424DC 

Control bit DTR must be a 1 for the modem to enter the data state, either 
manually or automatically. DTR must also be a 1 in order for the modem to 
automatically answer an incoming call. 

During the data mode, DTR must remain at a 1 , otherwise the connection will 
be terminated if DTR resets to a for greater than 50 ms. 

Setting CRQ in the transmitter to a 1 disables the high and low band filters 
used in data mode so that call progress tone detection can be done. Setting 
CRQ in the receiver to a 1 inserts a passband filter in the receive path which 
passes energy in the 345 Hz to 635 Hz bandwidth. The high and low band 
filters must be enabled and the passband filter disabled for the answer tone 
and carrier to be detected. This occurs automatically during the auto dial 
process when EF is set to a 0. In this case, the high and low band filters are 
disabled when CRQ in the transmitter is set to a 1 . If tone detection is 
required, CRQ in the receiver should be set to a 1. After dialing and call 
progress tone detection, CRQ in the receiver is set to a and FF is loaded 
into the dial digit register. (Loading FF enables the high and low band filters). 
At this time, the answer tone can be detected. To re-enable the high and low 
band filters disabled by setting CRQ in the transmitter, set EF to a 1 . After 
CRQ in the transmitter and receiver is set to a 1 and tone detection is 
completed, it may be necessary to detect the answer tone before loading FF 
into the dial digit register (see the section on sending 1300 Hz calling tone). 
At that point, EF can be set to a 1 and CRQ in the receiver set to a so the 
answer tone can be detected (using the ATD bit) and the 1300 Hz calling 
tone can still be sent. Once the answer tone is detected, FF should be 
loaded into the dial digit register ai!d the EF bit set to a 0. 

When handshake bit ENSI is a 1 , it causes an interrupt to occur when the 
status bits in registers (0:[8,9]) and (1:8) are changed by the modem. 
(NEWS = 1). The IRQ bit will be set to a 1 and the IRQ signal will be 
generated. The interrupt is cleared by writing a into the NEWS bit. 

When configuration bits ERDL are a 1 , it enables the modem to respond to 
another modem's remote digital loopback request, thus going into loopback. 
When this occurs, the modem clam ps RXD to a m ark; res ets the CTS, DSR 
and RLSD bits to a and turns the CTS, DSR and RLSD signals to a logic 1 . 
The TM bit is set to inform the user of the test status. When the ERDL bits are 
a 0, no response will be generated. 

When configuration bit GTE is a 1 , it causes the specified guard tone to be 
transmitted (CCITT configurations only), according the state of the GTS bit. Note: 
The guard tone will only be transmitted by the answering modem. 
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Table 11. Interface Memory Definitions (Continued) 



Mnemonic 



IMemory 
Location 



Description 



GTS 



IRQ 



LCD 



Guard Tone Select 



Interrupt 



Loss of Carrier Disconnect 



1:B:3 



(0,1):E:7 



0:D:2 



LL 



I^ODE 



Leased Line 



Mode Select 



1:9:4 



(0,1):A:(0,3) 



NAT 



No Answer Tone 



When configuration bit GTS is a 0, it selects the 1800 Hz tone, when GTE is 
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted 
only when GTE is enabled. 

Whe n sta tus bit IRQ is a 1, it indicates that an interrupt has been generated 
The IRQ hardware signal is generated following the setting of the IRQ bit 
IRQ is cleared when either the NEWS bit is reset to a or the DDR is 
loaded with a number. 

When configuration bit LCD is a 1, the modem terminates a call when a loss 
of received carrier energy is detected after 400 ms After the first 40 ms of 
loss of carrier, RLSD goes off. 360 ms later, if no carrier is detected, CTS 
goes off, and the modem goes on-hook. If energy above threshold is 
detected during the 360 ms period, RLSD will be set to a 1 again. If further 
loss of energy occurs, the 400 ms time frame is restarted 

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold, 
but will not force the modem on-hook when energy falls below threshold In 
this case, it is necessary to re-enable LCD in order to put the modem on-hook 

LCD is not automatically disabled in leased line operation The user must 
write a into LCD bits for this to occur. 

When configuration bit LL is a 1, the modem is in leased line operation, 
when 0, the modem is in switched line operation. When LL is set to a 1 , the 
modem immediately goes off-hook and into data mode. 

These bits select the compatibility at which the modem is to operate, as 
shown below: 

Configuration Word 



3 


2 


1 


q 


Configuration 














Bell 2400 


2400 Sync 













Bell 2400 


2400 Async 








1 




Bell 21 2A 


1200 Sync. 








1 




Bell 21 2A 


1200 Async 





1 








Bell 21 2A 


to 300 Async 













V.22A 


1200 Sync 












V.22B 


1200 Async 







1 




V.22A 


600 Sync. 







1 




V.22B 


600 Async 




1 







V.22 bis 


2400 Sync. 




1 







V.22 bis 


2400 Async 




1 


1 




V 22 bis 


1200 Sync 




1 


1 




V.22 bis 


1200 Async 



NOTE: The Mode bits in both chips should be set exclusively of all other 
bits, followed immediately by the setting of the NEWC bits. This will ensure 
proper modem configuration. 

Automatic Reconfiguration 

The modem is capable of automatically falling back during the handshake to 
the compatibility of a remote modem. The modem can be in either the 
answer or originate mode for this to occur. The compatibilities that the 
modem are limited to adapt to are V.22 bis, V.22 A/B (1200 bps), Bell 212 
and Bell 103. If the R2424 is to originate in a specific configuration, the 
MODE bits must be set. 

When the answer modem is configured for Bell 300 asynchronous and is 
called by a 1200 bps modem, the handshake will be completed at 1200 bps. 

When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz 
CCITT answer tone. This bit is only valid for CCITT configurations. With this 
bit enabled in answer mode, when the modem goes off-hook it will remain 
silent for 75 ms and then transmit unscrambled ones. 
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Table 11. Interface Memory Definitions (Continued) 


Mnemonic 


Name 


Memory 
Location 


Description 


NEWC 


New Configuration 


(0,1):E:3 


When the NEWC bit is a 1 , it tells the modem that a new configuration has 
been written into the configuration registers. The modem will then read the 
configuration registers and then reset NEWC to a 0. NEWC must be set to a 
1 after a new configuration has been written into the following registers: 
(0:[A-D]) and (1:(9-D]). The remaining registers do not require the use of 
NEWC to tell the modem that new data was written into them. 


NEWS 


New Status 


(0.1):E:5 


When handshake bit NEWS is a 1, it tells the user that there has been a 
change of status in the status registers. The user must write a into NEWS 
to reset it. This action also causes the interrupt to be cleared. 


NTS 


No Transmitter Scrambler 


1:9:0 


When configuration bit NTS is a 1 , when the modem is off-hook it will 
transmit ail data in an unscrambled form. This bit should be disat?led if the 
normal modem handshake is desired. 


ORG 


Origmate/Answer 


1:9:5 


When configuration bit ORG is a 1, the modem Is in originate mode; and 
when a the modem is in answer mode. (This is only valid in manual 

modem will transmit in the high band and receive in the low band. If ORG is 
a in analog loopback, the modem will transmit in the low band and receive 
in the high band. 


(None) 


RAM Access R 


0:F:0-7 


Contains the RAM access code used in reading RAM locations in chip 
(receiver device). 


(None) 


RAM Access T 


1:F:0-7 


Contains the RAM access code used in reading RAM locations in chip 1 
(transmitter device). 


XRAMRL 


RAM Data XRL 


0:2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 0. 


XRAMRM 


RAM Data XRM 


0:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 0. 


XRAMTL 


RAM Data XTL 


1:2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 1. 


XRAMTM 


RAM Data XTM 


1:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 1. 


YRAMRL 


RAM Data YRL 


0:4:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 0. 


YRAMRM 


RAM Data YRM 


0:5:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 0. 


YRAMTL 


RAM Data YTL 


1:4:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 1 . 


YRAMTM 


RAM Data YTM 


1:5:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 1. 


RDL 


Remote Digital Loopback 


(0,1):A:6 


When configuration bits RDL are a 1 , it causes the modem to initiate a 
request for the remote modem to go into digital loopback. RXD is clamped to 
a mark and the CTS bit and CTS signal will be reset until the loop is 
established. The TM bit is not set in this case, since the local modem 
initiated the request. RDL does not function in 300 bps. 


Rl 


Ring Indicator 


1:8:4 


When status bit Ri is a 1 , it indicates that a ringing signal is being detected. 
The Rl bit follows the ringing signal with a 1 during the on time and a zero 
during the off time coincident with the Rl signal. The following are the Rl bit 
response times: 

Ri Bit Transition Response 

OFF-to-ON * 1 1 ± 50 ms (50% duty cycle) 
ON-to-OFF 450 ±50 ms 

•The OFF-to-ON time Is duty cycle dependent. 890 ms (15%) > time > 50 ms (100%) 

This OFF-to-ON (or ON-to-OFF) response time is defined as the time interval 
between the sudden connection (removal) of the ring signal across TIP and 
RING and the subsequent transition of the Rl bit. 
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Table 1 1 . Interface Memory Definitions (Continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


RLSD 


Received Line Signal 
Detector 


0-80 


When status bit RLSD is a 1 , it indicates that the carrier has successfully 
been received RLSD will not respond to the guard tones or answer tones 
RLSD response times are given below 

Constant Controlled 
Carrier Carrier 

RLSD1 

OFF-to-ON 40 to 65 ms 40 to 65 ms 
ON-to-OFF 40 to 65 ms 40 to 65 ms 

Note: 

1 After handshake has occurred 


RSD 


Receive Space Disconnect 


OD-1 


When configuration bit RSD is a 1 , the modem goes on-hook after receiving 
approximately 1 6 seconds of continuous spaces 


RTRN 


Retrain (2400 bps only) 


1.9-6 


When configuration bit RTRN is a 1, the modem sends the training se- 
quence It resets when the training sequence from the remote modem has 
successfully been received If the sequence has not been successfully receiv- 
ed from the remote modem, GTS will remain OFF In order to put the modem 
back in the data mode, it is necessary to write a into the RTRN bit, then 
repeat the retrain sequence 


RTS 


Request-to-Send 


1-9-3 


When control bit RTS is a 1, the modem transmits any data on TXD when 
GTS becomes active In constant carrier mode, RTS should be set the same 
time as DTR and then left ON In controlled earner operation, independent 
operation of RTS turns the carrier ON and OFF. The responses to RTS are 
shown (assume the modem is in data mode). 

Leased or Dial Line^ RTS Off RTS On 

Controlled Garner GTS OFF Garner ON 

Garner OFF 210 to 275 ms Scrambled 1's 
Transmitted 
GTS ON 

Constant Carrier GTS OFF GTS ON 

Garner ON Carrier ON 
Scrambled 1 's Data Transmitted 
Transmitted 

Note: 

1 After handshake is complete 

For ease of use in constant carrier mode, RTS should be turned ON the 
same time as DTR. 


SPEED 


Speed Indication 


9-(4,5) 


The SPEED status bits reflect the speed at which the modem is operating. 
The SPEED bit representations are shown. 

4 5 Speed 

0-300 

1 600 

1 1200 
1 1 2400 

Note: 

The SPEED bits are not active in analog loopback and leased line mode 
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Table 1 1 . Interface Memory Definitions (Continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


SSD 


Send Space Disconnect 


1:D:0 


When configuration bit SSD is a 1 , it causes the modem to transmit 
approximately 4 seconds of spaces before disconnecting, when DTR goes 
from active to inactive state. 


ST 


Self Test 


(0,1)A:4 


When configuration bit ST is a 1, self test is activated. ST must be a to end 
the test. It is possible to perform self test in analog loopback with or without a 
DTE connected. During any self test, TXD and RTS are ignored. Self test does 
not test asynchronous-to-synchronous converter circuits in either the 
transmitter or receiver. 

Error detection is accomplished by monitoring the self test error counter in 
the RAM. If the counter increments dunng the self test, an error was made. 
The counter contents are available in the diagnostic register when the RAM 
access code 00 is loaded in the diagnostic control register (0:F). 

Self Test End-to-End (Data Mode) 

Upon activation of self test an internally generated data pattern of alternate 
binary ones and zeros (reversals) at the selected bit rate are applied to the 
scrambler. An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 

Self Test with Loop 3 

Loop 3 IS applied to the modem as defined in Recommendation V.54. Self 
test is activated and DCE operation is as in the end-to-end test. In this test 
DTR is ignored. 

Self Test with Loop 2 (Data Mode) 

The modem is conditioned to instigate a loop 2 at the remote modem as 
specified in recommendation V.54. Self test is activated and DCE operation 
IS as in the end-to-end test. 

ST does not function in 300 bps. 


3DB 


3 dB Loss to Receive 
Signal 


1:8:2 


When configuration bit 3DB is a 1 , it attenuates the received signal 3 dB. 
This is only used if the modem will see dBm or greater line signal at the 
receiver input. Insertion of the 3 dB loss will then prevent saturatipn. 


TM 


Test Mode 


0:8:1 


When status bit TM is a 1 , it indicates that the modem has completed the 
handshake and is in one of the following test modes: AL or RDL. 


TONE 


Tone Detect 


0:8:7 


TONE follows the energy detected in the 340 to 640 Hz frequency band. The 
user must determine which tone is present on the line by determining the 
duty cycle of the TONE bit. TONE is active only when CRQ in chip is a 1. 

Detection Range: -10 to -43 dBm 
Response Time: 17 ±2 ms 


TXCLK 


Transmit Clock Select 


1C:(5,6) 


TXCLK allows the user to designate the origin of the transmitter data clock, 
as shown below: 

Configuration Word 
Transmit Clocic 6 5 

Internal 
External 1 
Slave 1 1 

If external clock is chosen the user clock must be input at XTCLK. The clock 
characteristics must be the same as TDCLK. The external clock will be 
reflected by TDCLK. 

If slave clock is chosen the transmitter is slaved to the receive clock. This is 
also reflected by TDCLK. 
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Table 11. Interface Memory Definitions (Continued) 



Mnemonic 


■ ■■' - 1 

Name 


Memory 
Location 


Description 


TX LEVEL 


Transmit Level 


1 B(5-7) 


TX LEVEL allows the user to change the transmit level at TIP and RING 
(assuming the DAA has 10 dBm attenuation in the transmit path). 

Configuration 

Word Transmit Level (±1.0 dBm) 
7 6 5 (at TIP and RING) 

-10 dBm 
1 -12 dBm 

10 -14 dBm 
Oil -16 dBm 
10 -18 dBm 

1 1 -20 dBm 

110 -22 dBm 

111 -24 dBm 




internal Modem Timing 

In a microprocessor environment it is necessary to know how 
long various functions last or what the response times of certain 
functions are. Since the modem is a part of the microprocessor 
environment its timing and response times are necessary. 
Table 12 provides the timing relationships between interface 
memory bits and modem functions. 

Table 12. Internal Modem Timing 



AUTO DIAL SEQUENCE 

The following flow chart defines the auto dial sequence via the 
microprocessor interface memory 



Parameter 


Time Interval 


NEWC bit checked 




Transmitter 


Once per sample^ 


Receiver 


Once per baud^ 


NEWC bit set by host until 




modem action 




Transmitter 


< One baud time 


Receiver 


One baud time 


Control, Configuration bits read 




Transmitter 


Only after NEWC is set 


Receiver 


ST, RSD— every sample, 




all others after NEWC set 


Status bits updated 




Transmitter 


Once per sample 


Receiver 


Once per baud 


Status change reflected by 




NEWS, IRQ 




Transmitter 


MIN < one sample time 




MAX one sample time 


Receiver 


MIN one sample time 




MAX one baud time 


Memory status reflected to 




modem pin 




Transmitter 


33 33 us 


Receiver 


33.33 /ts 


1. Sample Time = 7200 Hz 


2 Baud Time = 600 Hz 




Figure 13. Auto Dial Sequence Flow Diagram 



Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 
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SIGNAL PROCESSOR RAM ACCESS 

RAM AND DATA ORGANIZATION 

Each signal processor contains 128 words of random access 
memory (RAIVI). Eacii word is 32-bits wide. Because the signal 
processor is optimized for performing complex arithmetic, the 
RAM words are frequently used for storing complex numbers. 
Therefore, each word is organized into a real part (1 6-bits) and an 
imaginary part (1 6-bits) that can be accessed independently. 
The portion of the word that normally holds the real value is 
referred to as XRAM. The portion that normally holds the imagi- 
nary value is referred to as VRAM. The entire contents of XRAM 
and VRAM may be read by the host processor via the microproc- 
essor interface. 

Interface Memory Locations 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. Information transfer 
between RAM and interface memory is accomplished by the sig- 
nal processor logic unit moving data between the SP main bus 
and the SP I/O bus. The SP logic unit normally transfers a word 
from RAM to interface memory once each clock cycle of the SP 
device. In the transmitter, a word is transferred from SP RAM to 
the interface memory every sample time. In the receiver, a word is 
transferred from RAM to the interface memory every sample time 
as well. Each RAM word transferred to the interface memory is 
32-bits long. These bits are written by the SP logic unit into inter- 
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain 
the most significant byte and least significant byte, respectively, 
of the XRAM data. Registers 5 and 4 contain the most and least 
significant bytes of VRAM data, respectively 

RAM Access Codes 

The SP logic unit determines the SP RAM address to read from, 
or write to, by the code stored in the RAM Access bits of interface 
memory register F (RAM Access R in the receiver 0:F and RAM 
Access T in the transmitter 1 :F). 

Only the transmitter (chip 1) allows data to be transferred from 
interface memory to SP RAM. When set to a 1 , bit 1 :F:7 signals 
the SP logic unit to disable transfer of SP RAM data to the inter- 
face memory, and instead, to transfer data from interface mem- 
ory to SP RAM. When writing into SP RAM, 32 bits of data in the 
XRAM and VRAM registers will be written into the appropriate 



SP RAM location as specified by the RAM access code (82-86) in 
register 1:F (Table 13). Once the data is written into the RAM 
access register 1 :F, the XRAM registers 1 :2 and 1 :3 or the VRAM 
registers 1 :4 and 1 :5, set the NEWC bit 1 ■.E:3 to a 1 . This action 
causes the information to be transferred from interface memory 
into SP RAM. Bit 7 of register 1 :F is cleared to a by the modem 
after the RAM is read. New data can be written into the SP RAM 
after the NEWC bit is reset to a by the SR 

Note: 

Any transmitter RAM Write operation must always be pre- 
ceded by a RAM read from the desired location. This is to 
guarantee that the correct information is written into the 1 6 
unchanged bits, since all transmitter RAM operations are 
32 bit transfers with typically only 16 of the bits used. 

Both the transmitter and receiver (chips 1 and 0, respectively) 
allow data to be transferred from SP RAM into the interface mem- 
ory A in transmitter bit 1 :F:7 enables the SP to transfer 32 bits 
of data from SP RAM to the XRAM and VRAM registers (16 bits 
each) in the interface memory as specified by the RAM access 
code in register 1:F A in receiver bit 0:F:7 enables the SP to 
transfer 32 bits of data from SP RAM to the XRAM and VRAM 
registers (16 bits each) in the interface memory as specified by 
the access code in register 0:F. To read the SP RAM in chip 1 
(transmitter), load into 1 :Fthe RAM access code which identifies 
the 32 bits of data to transfer to the XRAM and VRAM registers. 
Next, set the NEWC bit 1 :E:3 to a 1 . After transferring the data 
from RAM to the XRAM or VRAM registers, the NEWC bit is reset 
to a by the SR Chip (receiver), on the other hand, will provide 
the XRAM and VRAM data one sample time following the load- 
ing of the RAM access code into register 0:F, and will continue to 
provide the same data at one sample time intervals until a new 
RAM access code is loaded. 

When reading from or writing into RAM, no bits are provided for 
handshal<ing or interrupt functions. The NEWC bit can be used 
as a mechanism to provide sample and baud intervals. Since the 
NEWC bit is checked, once per baud in chip and once per 
sample in chip 1 , the user can set the NEWC bit and wait for it to 
be cleared. Depending on which chip the NEWC bit was set, the 
time interval from the setting to the clearing of the NEWC bit will 
be either one sample or one baud time. This, however, will not 
guarantee that the action of reading and writing the XRAM and 
VRAM will occur in the middle of an actual sample or baud time. 
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Table 13. RAM Access Codes 



Node 


Function 


RAM Access Code 


Chip 


Reg. No. 


RAM Read 


RAM Write 


1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 


Demodulator Output 

Low Pass Filter Output 

Input Signal to Equalizer Taps 

AGC Gain Word 

Equalizer Tap Coefficients 

Equalizer Output 

Rotated Equalizer Output 

(Received Point Eye Pattern) 

Decision Points 

(Ideal Eye Pattern) 

Rotated Error 

Rotation Angle 

Phase Error 

Self Test Error Counter 


56 

40 
41-4D 

14 
01 -OD 

53 

11 

51 

52 
12 
10 
00 


- 

















2, 3, 4, 5 
2, 3, 4, 5 
2, 3, 4, 5 

2,3 
2, 3, 4, 5 
2, 3, 4, 5 
2, 3, 4, 5 

2, 3, 4, 5 

2, 3, 4, 5 
4,5 
2,3 
2,3 




DTMF Tone Duration 
DTMF Interdigit Delay 
Pulse Interdigit Delay 
Pulse Relay Make Time 
Pulse Relay Break Time 
Handshake Abort Counter 
Handshake Abort Timer 
CTS Off-Time 


02 
03 
03 
04 
04 
05 
06 
07 


82 
83 
83 
84 
84 
85 
86 
87 




4,5 
2,3 
4,5 
2,3 
4,5 
4,5 
2,3 
2,3 


NOTE: 1. All the chip 1 access codes are not valid before R5310-18. 

2. Access codes are hexadecimal. 

3. Only chip 1 RAM can be written. 

4. CTS Off-Time is not valid before R5310-22 



Table 15. BER Summary 



ERROR RATES 

Bit error rate (BER) is a measure of the throughput of data on the 
communication channel. It is the ratio of the number of received 
bits in error to the number of transmitted bits. This number 
increases with decreasing signal-to-noise ratio (SNR). The type 
of line disturbance and the modem configuration affect the BER. 

Tables 14 through 16 summarize the BERs for various condi- 
tions. Figure 14 shows the BER measurement setup. 



R2424 


Signal to Noise Ratio 


Data Rate 


Bit Error Rate 


Originate Mode 




2400 bps 


1 X 10-5 


19.0 dB 


17.3 dB 


1200 bps 


1 X 10-5 


8.3 dB 


8.1 dB 


600 bps 


1 X 10-5 


5.0 dB 


5.0 dB 


300 bps 


1 X 10-5 


10.4 dB 


7.2 dB 


Test Condition: Signal Level = - 43 dBm, 

Sync for 2400 bps, 1200 bps, 600 bps, 

Async for 300 bps. 

With 3002 Unconditioned Line. 





Table 14. 


BER Summary 




R2424 


Signal to Noise Ratio 


Data Rate 


Bit Error Rate 


Originate Mode 


Answer Mode 


2400 bps 


1 X 10-5 


16.6 dB 


16.2 dB 


1200 bps 


1 X 10-5 


8.2 dB 


7.9 dB 


600 bps 


1 X 10-5 


5.0 dB 


5.0 dB 


300 bps 


1 X 10-5 


9.2 dB 


7.0 dB 


Test Condition: Signal Level = -30 dBm, 

Sync for 2400 bps, 1200 bps, 600 bps, 

Async for 300 bps. 

With 3002 Unconditioned Line. 





Table 16. 


BER Summary 




R2424 


Signal to Noise Ratio { 


Data Rate 


Bit Error Rate 


Originate Mode 


Answer Mode 


2400 bps 


1 X 10-5 


17.0 dB 


16.6 dB 


1200 bps 


1 X 10-5 


7.7 dB 


7.9 dB 


600 bps 


1 X 10-5 


4.6 dB 


4.5 dB 


300 bps 


1 X 10-5 


9.3 dB 


6.2 dB 


Test Condition: Signal Level = -40 dBm, 

Sync for 2400 bps, 1200 bps, 600 bps, 

Async for 300 bps, 

Back>To-Back. 
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Table 17. Modem Power Requirements 




Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ 0°C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±50/0 
±5% 
±5% 


390 mA 

25 mA 

4 mA 


<455 mA 

< 30 mA 

< 5 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 




Table 18. Modem Environmental Restrictions 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 


0°C to +60°C (32°F to ^AO°F) 

- 40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 
Up to 90% noncondensing, or a wet bulb temperature up to 35**C, whichever is less. 
-200 feet to +10,000 feet 



Table 19. Modem Mechanical Considerations 



Parameter 


Specification 


DIN Connector Version 
Board Structure: 

Mating Connector: 

PCB Dimensions: 
DC Version 

Width 

Length 

Height 
M Version 

Width 

Length 

Height 
Weight (max): 
Lead Extrusion (max.): 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. 
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 
64-pin DIN vertical male or 64-pin DIN vertical female. 

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle: 
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent. 

3.937 in. (100 mm) 
4.725 in. (120 mm) 
0.75 in. (19 mm) 

3.937 in. (100 mm) 
3.328 in. (82 mm) 
0.40 in. (10.2 mm) 
0.45 lbs. (0.20 kg.) 
0.100 in. (2.54 mm) 


DIP Connector Version 
Board Structure 
Dimensions 
Width 
Length 
Height 
Weight (max.) 
Pin Length (max.) 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 

2.0 in. (50.8 mm) 

3.5 in. (88.9 mm) 

0.2 in. (5.08 mm) above, 0.13 in. (3.30 mm) below 

2.6 oz. (73g) 

0.53 in. (13.5 mm) above 
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3.937 

(100) 
3.700 
(94) 



0.T56 ±.003 DIA (4 PL) 
(3.96) / 



MALE 64.PIN 
DIN CONNECTOR 



COMPONENT 
SIDE 



0.119 
(3) 



2.625 



(66.7) 



3.228 



3.937 
0.496 (100) 

(12.6) 



3.700 
(94) 



(82) 



0.200 MAX 



r (5.1) 



COMPONENT AREA 



0.156 ±.003 DIA (4 PL) 
(3.96) 



COMPONENT 
SIDE 



0.119 
(3) 



2.625 



3.275 



(66.7) 



4.100 



(83.2) 



(104) , 



MALE 64-PIN 
DIN CONNECTOR 



0.496 
(12.6) 




0.483 



(12.3) 



-m: 



0.062 
(1.6) 



0.437 __ 
(11.1) 

0.100 MAX 
(2.54) 




MAX 



0.062 (^-l) 
(1.6) 



DIN CONNECTOR VERSION 



0^ 
(11.1) 
COMPONENT AREA 



0.100 TYP^ 
(2.54) 



2.000 
(50.8) 



1.800 
(45.7) 



1.850 
(47) 



J 



0.100 

(2.54) 

0.075 
"(1.9) 



3.500 
(88.9) - 

3.300 



(83.8) 



- -eooooooooooooooooooooooo o oooooj 



0.098 DIA (4 PL) 
(2.5) 



0.100 
(2.54) 

0.100 

(2.54) 

0.200 MAX 
(5.08) 



0.535 
(13.6) \ 



_L 



UNITS: 



INCHES 
mm 



0.062 
(1.6) 



0.130 MAX t 
(3.3) 

DIP CONNECTOR VERSION 



Figure 15. R2424 Modem Dimensions and Pin Locations 
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R2424 MODEM INSTALLATION AND 
MAINTENANCE 

This section contains installation instructions and maintenance 
procedures for the Rockwell R2424DC Modem. It also contains a 
special notice from the Canadian Department of Communica- 
tions (DOC) for Canadian operation and from the Federal Com- 
munications Commission (FCC) for United States operation. 



GENERAL DESCRIPTION 

The Rockwell R2424DC modem is designed to be used with the 
United States or Canadian Telephone Switched Networks in 
2-wire full-duplex dial-up operation. The modem requires protect- 
ive circuitry registered with the Federal Communications Com- 
mission (FCC) Part 68 which allows direct connection to the U.S. 
switched telephone network. This circuitry also complies with 
the Canadian Department of Communications (DOC) Terminal 
Attachment Program (TAP) which similarly defines their 
switched telephone network requirements. 

The R2424DC features automatic dial and answer capabilities 
along with surge suppression and hazardous voltage and longitu- 
dinal balance protection. Its maximum output signal level at the 
telephone interface is set at -lOdBm ±1 dBm (permissive 
mode of operation). 

Two standard telephone jack connectors (RJ11s) are mounted 
side by side on one edge of the board and are wired in parallel. 
One is for connection to the telephone line network and the other 
for the telephone headset connection. 



INSTALLATION AND SIGNAL ROUTING 
INSTRUCTIONS 

PHYSICAL MOUNTING 

The modem module may be physically incorporated into the cus- 
tomer's end product by utilizing the four corner 0.156" diameter 
mounting holes (for the self-hooking plastic type standoffs or for 
bolting it down to some rigid structure) or by installing the module 
into card guides. 

ELECTRICAL INTERFACING INSTRUCTIONS 

The electrical interfacing is accomplished via the DIN (Euro) con- 
nector (for external power inputs and digital logic signals) and 
the telco connectors (for the telephone network connection). 
Note that the telephone interface connectors are physically sepa- 
rated from the modem interface control connector and extreme 
care must be taken in routing the telephone interface leads from 
the modem to the telephone network (line connector jack in the 
wall). 



FCC RULES PART 68 REQUIREMENTS 

The FCC Rules Part 68 requires that the telephone interface 
leads shall: 

1 . Be reasonably physically separated and restrained from; not 
routed in the same cable as; nor use the same connector as 
leads or metallic paths connecting to power connections. 

Note 

Power connections are defined as the connections 
between commercial power and any transformer, power 
supply rectifier, converter or other circuitry associated 
with the modem. The connections of the interface pins 
(including the +12 Vdc, -12 Vdcand -i- 5 Vdc) are not 
considered power connections. 

2. Be reasonably physically separated and restrained from; not 
routed in the same cable as; nor use adjacent pins on the 
same connector as metallic paths that lead to unregistered 
equipment, when specification details provided to the FCC do 
not show that the interface voltages are less than nonhazar- 
dous voltage source limits in Part 68. 

Note 

All the DIN connector interface voltages to the modem 
have been established as non-hazardous. 

ROUTING OF TELEPHONE INTERFACE LINES 

In routing the telephone interface leads from the modem tele- 
phone connector jacks to the telephone line network connection, 
the following precautions should be strongly considered for 
safety. 

1 . The telephone interface routing path should be as direct and 
as short as possible. 

2. Any cable used in establishing this path should contain no 
signal leads other than the modem telephone interface leads. 

3. Any connector used in establishing this path shall contain not 
commercial power source signal leads, and adjacent pins to 
the TIP and RING (T and R) pins in any such connector shall 
not be utilized by any signals other than those shown in this 
document. 



MAINTENANCE PROCEDURE 

Under the FCC Rules, no customer is authorized to repair 
modems. In the event of a Rockwell modem malfunctioning, 
return it for repair to an authorized ROCKWELL INTERNA- 
TIONAL distributor (if in Canada) or send it directly to the Semi- 
conductor Products Division, Rockwell International Corpora- 
tion, El Paso, Texas 79906. 
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SPECIAL INSTRUCTION TO USERS 

If the Rockwell modem has been registered with the Federal 
Communications Commission (FCC), you must observe the fol- 
lowing to comply with the FCC regulations: 

A. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

B. It is prohibited to connect the modem to pay telephones or 
party lines. 

C. You are required to notify the local telephone company of the 
connection or disconnection of the modem, the FCC registra- 
tion number, the ringer equivalence number, the particular line 
to which the connection is made and the telephone number to 
be associated with the jack. 

Note 

If the proper jacks are not available, you must order the 
proper type of jacks to be installed by the telephone 
company (VSOC RJ11 for permissive mode of opera- 
tion). 

D. You should disconnect the modem from the telephone line if it 
appears to be malfunctioning. Reconnect it only if it can be 
determined that the telephone line and not the modem is the 
source of trouble. If the Rockwell modem needs repair, return 
it to the ROCKWELL INTERNATIONAL CORPORATION. This 
applies to the modem whether it is in or out of warranty. Do not 
attempt to repair the unit as this is a violation of the FCC rules 
and may cause danger to persons or to the telephone net- 
work. 

TELEPHONE COMPANY RIGHTS 
AND RESPONSIBILITIES 

A. The Rockwell modem contains protective circuitry to prevent 
harmful voltages to be transmitted to the telephone network. If 
such harmful voltages do occur, then the telephone company 
may temporarily discontinue service to you. In this case, the 
telephone company should: 

1 . Promptly notify you of the discontinuance. 

2. Afford you the opportunity to correct the situation which 
caused the discontinuance. 

3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 

B. The telephone company may make changes in its facilities 
and services which may affect the operation of your equip- 
ment. It is, however, the telephone company's responsibility to 
give you adequate notice in writing to allow you to maintain 
uninterrupted service. 



LABELING REQUIREMENTS 

A. The FCC requires that the following label be prominently dis- 
played on the outside surface of the customer's end product 
and that the size of the label should be such that all the 
required information is legible without magnification. 



Sample label below: 

Unit contains Registered Protective Circuitry which com- 
plies with Part 68 of FCC Rules. 

FCC Registration Number: AMQ9SQ-14211-DM-E 

Ringer Equivalence: 0.9B 

Note 

The Rockwell modem module has the FCC registration 
number and ringer equivalence number permanently 
affixed to the solder side of the PCB and any unit con- 
taining this modem shall use this information for the 
label requirements. 



SPECIAL NOTICE FROM THE CANADIAN 
DEPARTMENT OF COMMUNICATIONS 

The Canadian Department of Communications label identifies 
certified equipment. This certification means that the equipment 
meets certain telecommunications network protective, opera- 
tional and safety requirements. The Department does not guar- 
antee the equipment will operate to the user's satisfaction. 

Before installing this equipment, users should insure that it is 
permissible to be connected to the facilities of the local telecom- 
munications company. The equipment must also be installed 
using an approved method of connection. In some cases, the 
company's inside winng associated with a single line individual 
service may be extended by means of a certified jack-plug-cord 
ensemble (telephone extension cord). The customer should be 
aware that the compliance with the above conditions may not 
prevent degradation of service in some situations. Existing tele- 
communications company requirements do not permit their 
equipment to be connected to customer-provided jacks except 
where specified by individual telecommunications company tar- 
iffs. 

The Department of Communications requires the Certificate 
Holders to identify the method of network connection in the user 
literature provided with the certified terminal equipment. 

Repairs to certified equipment should be made by an authorized 
Canadian maintenance facility designated by the supplier. Any 
repairs or alterations made by the user to this equipment, or 
equipment malfunctions may give the telecommunications com- 
pany cause to request the user to disconnect the equipment. 

Users should ensure for their own protection that the electrical 
ground connections of the power utility, telephone lines and inter- 
nal metallic water pipe system, if present, are connected 
together. This precaution may be particularly important in rural 
areas. 

CAUTION 

Users should not attempt to make such connections them- 
selves, but should contact the appropriate electric inspec- 
tion authority, or electrician, as appropriate. 
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INTRODUCTION 

The Rockwell RC2424DP/DS is a 2400 bps, full-duplex, 
OEM, data pump modem device set. The RC2424DP/DS 
operates over the public switched telephone network 
(PSTN), as well as on point-to-point leased lines. 

The set consists of two CMOS VLSI components— a digi- 
tal signal processor (DSP) device and an integrated 
analog (lA) device. The DSP is available in a 64-pin quad 
in-line package (QUIP) or a 68-pin plastic leaded chip car- 
rier (PLCC) package. The I A device is available in a 40-pin 
dual in-line package (DIP) or a 44-pin PLCC package. 

The RC2424DP/DS modem meets the requirements 
specified in CCITT V.22 bis, V.22 A/B, and V.21, as well 
as Bell 212A and Bell 103. 

Full compatibility with V.23 Is realized with the addition of 
an external FSK demodulator. The V.23 capability allows 
asynchronous operation at 1200 bps with backward chan- 
nel operation to 75 bps. RC2424DP/DS DSP firmware, in 
conjunction with a fully compatible hardware interface, 
directly configures and controls the V.23 FSK demodulator 
device. Moreover, the centralized transmitter function in 
the RC2424DP/DS allows "clean" soft turn-offs in V.23 
mode. 

In addition, the SDLC/HDLC support eliminates the cost of 
an external serial input/output (SIO) device in products in- 
corporating error correction protocols. 



FEATURES 

• CMOS DSP and lA devices 

• 2-wire full-duplex operation 

• Compatible configurations: 

-CCITT V.22 bis, V.22A/B 
-CCITT V.21 and V.23 
-Bell 212A and 103 

• Receive dynamic range: -9 dBm to -43 dBm 

• Maximum transmit level: 0.0 dBm ±1 .0 dB, 
programmable in 1 dB steps 

• Multi-modem detection support 

—Programmable tone detect bandpass filters 
-Zero-crossing detector 

• V.22 bis fallback/fall-fonward - 2400/1200 bps 

• Synchronous serial data 

-2400, 1200, 600 bps ± 0.01% (PSK modulation) 
Internal/extemal/slave clock selection 

• Parallel data both synchronous and asynchronous 

-Synchronous: 

Normal sync: 8-bit data for transmit and receive 
-SDLC/HDLC support: 

Transmitter: Flag generation, bit stuffing. 

CCITT CRC generation 

Receiver: Flag detection, bit un-stuffing, 

CCITT CRC checking 
—Asynchronous: 

5, 6, 7, or 8 data bits per character 

Odd/even parity generation/checking 

(or 9*^ data bit) 

2400, 1200, 600 bps +1% or (2.3%), -2.5% 

(PSK modulation) 

75, 300, 60Q, 1200 bps (FSK modulation) 

• Programmable ring detect 

-Min and max frequency range 

• Programmable dialer 

-Make/break times for pulse dialling 
-DTMF on time for touch-tone dialling 
-Interdigit times for both pulse and tone dialling 
-DTMF Level: 0.0 dBm ± 1 .0 dB (high tone level is 
2.0 dB ± 0.5 dB above low tone level) 
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• Diagnostics 

-Read/write RAM 
—Serial eye pattern output 
-EQM value in RAM 

• Host bus Interface memory for configuration, control, 
and parallel data; compatible with either 8086 or 6502 
microprocessor bus 

• RS-232C (TTL compatible) Interface for RTS control 
and serial data 

• Adaptive and fixed compromise equalization 

• Test Configurations: 

-Local analog loopback 
-Local digital loopback 
-Remote digital loopback 

• Answer and originate handshake 

• Leased line operation 

• Power requirements: 

-± 5 Vdc ± 5% 
-500 mW typical 



R2424 COMPATIBILITY 

A high performance modem engine, the RC2424DP/DS is 
the functional and performance equivalent of Rockwell's 
R2424DS modem with the following enhancements: 

— 2-device implementation in CMOS 
-V.21 and V.23 interface 
—Asynchronous/synchronous parallel data transfer 

over the microprocessor bus interface 
—Extended 2.3% overspeed in asynchronous, 

DPSK/QAM modes 
-SDLC/HDLC framing in parallel data mode 
-Additional configuration and control capabilities 

These options and enhancements, combined with a user 
accessible, dual port interface memory (RAM ) in the DSP, 
offer maximum flexibility in customizing the 
RC2424DP/DS to meet a wide variety of functional re- 
quirements. 

The RC2424DP/DS device set, with the addition of a few 
external filter components, interfaces easily to a data ac- 
cess arrangement (DAA). The RC2424DP/DS general in- 
terface is illustrated in Figure 1 . 
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Figure 1. RC2424DP/DS General Interfaces 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES, AND DATA 
RATES 

The selectable modem configurations, along with the cor- 
responding signaling (baud) rates and data rates, are 
listed in Table 1 . The modem configuration is established 
bytheCONFbits. 

Note: Bit names refer to control bits in DSP Interface 
Memory which are set or reset by the host processor (see 
Software Interface Section, Figure 7 and Table 11). 

TONE GENERATION 

Answer Tone: A CCITT (2100 ± 15 Hz) or Bell (2225 ± 
10 Hz) answer tone is generated depending on the 
selected configuration. 

Guard Tone: A guard tone of 1 800 ± 20 Hz (GTS bit = 0) 
or 550 ± 20 Hz (GTS bit = 1) can be generated (enabled 
by the GTE bit). The level of transmitted power is 6 ± 1 dB 
or 3 ± 1 dB below the level of the data power in the main 
channel for the 1 800 Hz or 550 Hz guard tone, respective- 
ly. The total power transmitted to the line is the same 
whether or not a guard tone is enabled. When a guard tone 
is generated, the main channel transmit path gain is 
reduced by 0.97 dB or 1 .76 dB for the 1 800 Hz or 550 Hz 
guard tone, respectively. 



Guard tone on/off must be controlled by the host depend- 
ing on the state of the handshake sequence, i.e., the host 
should enable guard tone when DSR is turned on. 

DTMF Tones: When Dial/Call Progress configuration is 
selected (CONF bits = 81) and the DTMF bit is set to a 1 , 
dual tone multi-frequency (DTMF) tones can be 
generated. The specific DTMF tone generated is specified 
by the host loading the Transmitter Data Buffer (TBUF- 
FER) with the appropriate digit code shown in Table 2. 

User Defined Tones: When Tone Generator/Tone Detec- 
tor configuration is selected (CONF bits = 80), a user- 
defined single or dual tone can be generated. In this mode, 
the transmitter immediately begins sending the frequen- 
cies specified in DSP RAM. The tones will remain on as 
long as Tone Generator/Tone Detector configuration is 
selected and the tone amplitudes are greater than zero. 
Setting one of the two amplitudes to zero selects single 
tone frequency. 

Note: Frequencies from to 1675 Hz can be sent when 
the ORG bit is set, or frequencies from 1925 Hz to 2875 
Hz can be sent when the ORG bit Is cleared. 1 800 Hz fre- 
quency can be sent by setting the GTE bit with GTS = 
and ORG = 0. 




Table 1. Configurations, Signaling Rates and Data Rates 



Configuration 


Modulation^ 


Transmitter Carrier 
Frequency (Hz) ±0.01% 


Data Rate 
(bps) 

± 0.01% 


Baud 
(Symbols/Sec.) 


Bits Per 
Symbol 


Constellation 
Points 


Answer^ 


Originate^ 


V.22 bis 


QAM 


2400 


1200 


2400^ 


600 


4 


16 


V.22A/B 


DPSK 


2400 


1200 


1200® 


600 


2 








2400 


1200 


600® 


600 






Bell 21 2A 


DPSK 


2400 


1200 


1200® 


600 


2 




Bell 103 


FSK 


2225 M 
2025 S 


1270 M 
1070 S 


300^ 


300* 






V.21 


FSK 


1650M 
1850S 


980 M 
1180S 


300* 


300* 






V.23 Forward Channel 


FSK 


1300M 
2100 S 


1300 M 
2100 8 


1200* 


1200* 






V.23 Forward Channel 


FSK 


1700 M 
2100 S 


1700M 
2100 S 


600* 


600* 






V.23 Backward Channel 


FSK 


390 M 
450 S 


390 M 
450 S 


75* 


75* 






Notes: 1. Modulation legend: QAM Quadrature Amplitude Modulation 
DPSK Differential Phase Shift Keying 
FSK Frequency Shift Keying 








2. M indicates a mark condition; 8 indicates a space condition. 








3. Synchronous accuracy = ±0.01 %; asynchronous accuracy = -2.5% to 


+1.0%(+2.3%lfexter 


ided overspeed is s( 


Mooted). 


4. Value is upper limit for serial (e.g.. 0-300). 
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TONE DETECTION 

Answer Tone and Call Progress Tones: When Dial/Call 
Progress configuration is selected (CONF bits = 81), tones 
can be detected as follows: 

Call progress frequency range: 340 ± 5 Hz to 640 ± 5 Hz 

Status Bit: TONEA 

Answer tones (21 00 ± 1 5 Hz or 2225 ± 1 Hz) or Bell FSK 
originate tone (1270 ± 1 Hz) 

Detection level:0 dBm to -43 dBm 

Default detection level: -43 dBm 

Response time: 25 ± 2 ms 

Status Bits: ATV25, ATBELL (0RG=1), BEL103 
(ORG=0) 

Tones are detected as energy above a certain threshold 
within a digital bandpass filter. The pass band of the dual 
bi-quad infinite impulse response (IIR) filter (Call 
Progress) or the single bi-quad IIR filter (answer tone or 
Bell FSK originate) can be changed by writing new coeffi- 
cients to DSP RAM. The tone detect threshold can also be 
changed in DSP RAM. 

V.23 and V.21 Tones: When Tone Generator/Tone 
Detector configuration is selected (CONF bits = 80), tones 
can be detected as follows: 

V.23 forward channel mark: 1300 ± 10 Hz 

Status Bit: TONEA 

V.23 backward channel mark: 390 ± 10 Hz 

Status Bit: TONEB 

V.21 high band mark (1650 ± 10 Hz) or low band mark 
(980 ± 10 Hz) 

Table 2. Dial Digits/Tone Pairs 



Hex 


Dial 


Tone Pair 


Code 


Digit 


(Hz) (Hz) 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


* 


941 1209 


08 


Spare (B) 


697 1633 


DC 


Spare (C) 


770 1633 


OD 


Spare (D) 


852 1633 


OE 


# 


941 1477 


OF 


Spare (F) 


941 1633 


10 


1300 Hz Calling Tone 



Status Bit: TONEC 
Detection level: dBm to -43 dBm 
Default detection level: -43 dBm 
Response time: 25 ± 2 ms 

Tones are detected as energy above the threshold within 
a digital bandpass filter. These filters are single bi-quad IIR 
filters*. The pass bands can be changed by writing new 
coefficients to DSP RAM. The tone detect threshold can 
also be changed in the DSP RAM. 

♦Except the filter represented by TONEA in Dial/Call 
Progress configuration, which is a dual biquad IIR filter. 

Zero Crossing Detector: A zero crossing detector is al- 
ways available. The detector can measure tone frequen- 
cies between 100 Hz and 3000 Hz. The zero crossing 
counter increments for both positive and negative zero 
crossings. 

DATA ENCODING 

The data encoding conforms to CCITT Recommendations 
V.22 bis, V.22A/B, V.23, or V.21 , or to Bell 21 2A or 103, 
depending on the selected configuration. 

EQUALIZERS 

Equalization functions are incorporated that improve per- 
formance when operating over low quality lines. 

Automatic Adaptive Equalizer. A 13-tap automatic 
adaptive equalizer is provided in the receiver circuit for 
V.22 bis, V.22 and Bell 21 2A configurations. Updating of 
the taps can be enabled or disabled (EQFZ) . The equalizer 
taps can also be reset (EQRES). 

Fixed Compromise Equalizer. A fixed compromise 
equalizer Is provided In the transmitter. The equalizer can 
be enabled or disabled (CEQ bit). 

TRANSMITTED DATA SPECTRUM 

After making allowance for the nominal specified com- 
promise equalizer characteristic, the transmitted line sig- 
nal has a frequency spectrum shaped by a square root of 
a 75 percent raised cosine filter. Similarly, the group delay 
of the transmitter output is within ± 1 50 microseconds over 



Table 3. RTS - CTS Response Time 







Constant 


Controlled 


CTS Transition 


Configuration 


Carrier 


Carrier 


OFF to ON 


V.22 bis 


£2ms 


270 ms 




V.22 


s2ms 


270 ms 




Bell 21 2A 


s2ms 


270 ms 




V.21 


2-5 ms 


2-5 ms 




Bell 103 


2-5 ms 


2-5 ms 




V.23 


5-20 ms 


5-20 ms 


ON to OFF 


All 


^ms 


s2ms 


Note: The CTS OFF to ON response time is host p 


>rogrammable 


in DSP RAM for some configurations. 
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the frequency range 900 Hz to 1 500 Hz (low channel) and 
2100 Hz to 2700 Hz (high channel). 

TRANSMIT LEVEL 

The default transmitter output level is -6.0 dBm ±1 .0 dB. 
The output level can be selected from dBm to -1 5 dBm 
in 1 dB steps (TLVL bits). 

TRANSMIT TIMING 

Transmitter timing is selectable between internal 
(±0.01%), external , or loopback (TXCLK bits). When ex- 
ternal clock is selected, the external clock rate must equal 
the desired data rate ±0.01 % with a duty cycle of 50 ± 20%. 

SCRAMBLER/DESCRAMBLER 

A self-synchronizing scrambler/descrambler satisfying the 
applicable CCITT recommendation or Bell specification is 
incorporated. The scrambler and descrambler can be 
enabled or disabled (SDIS and DDIS bits, respectively) 

RECEIVE LEVEL 

The receiver satisfies performance requirements for 
received line signals from -9 dBm to -43 dBm. The 
received line signal Is measured at the Receiver Analog 
(RXA) input. 

RECEIVER TIMING 

A ± 0.01% frequency error in the associated transmit 
timing source can be tracked. 

CARRIER RECOVERY 

A ± 7 Hz frequency offset in the received carrier can be 
tracked with less than a 0.2 dB degradation in bit error rate 
(BER). 

CLAMPING 

Received Data (RXD) is clamped to a co nstant mark 
whenever the Received Line Signal Detector (RLSD) out- 
put is off. 



RTS - CTS RESPONSE TIME 

The response times of CTS relative to a con-esponding 
transition of RTS are listed in Table 3. The response time 
depends on the receiver operating in either constant car- 
rier or controlled carrier mode (CC bit). 

ASYNC/SYNC, SYNC/ASYNC CONVERSION 

For parallel asynchronous data transfer, an 
asynchronous-to-synchronous converter is provided in the 
transmitter, and a synchronous-to-asynchronous con- 
verter is provided in the receiver. Asynchronous or 
synchronous mode is selected by the ASYNC bit. The 
asynchronous character fomiat is 1 start bit, 5 to 8 data 
bits (WDSZ bits), an optional parity bit (PARSL and PEN 
bits), and 1 or 2 stop bits (STB bit). Valid character sizes, 
including all bits, are 7, 8, 9, 10 or 1 1 bits per character. 

When the transmitter's converter is operating at the basic 
signaling rate, no more than one stop bit will be deleted per 
8 consecutive characters. When operating at the extended 
rate, no more than one stop bit will be deleted per 4 con- 
secutive characters. 

Two ranges of signaling rates are provided (selectable by 
the EXOS bit): 

Basic range: +1% to -2.5% 

Extended overspeed range: +2.3% to -2.5% 

Break is handled in the transmitter and receiver as 
described in V.22 bis. If the RC2424DP/DS transmitter 
detects M to 2M + 3 bits of "start" polarity from the DTE, 
where M is the number of bits per character, the 
RC2424DP/DS will transmit 2M + 3 bits of start polarity. If 
the modem detects more then 2M +3 bits of start polarity, 
it will transmit all these bits as start polarity. 

The RC2424DP/DS receiver will output the 2M + 3 or more 
bits of start polarity on RXD and will set the BRKD bit. 
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PIN ASSIGNMENTS 

The RC2424DP/DS pin assignments are shown in 
Figure 2. The pin assignments are listed by pin number in 
Tables 4 and 5 for the DSP and lA devices, respectively. 
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RESET TC d 
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26 
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Figure 2. RC2424DP/DS Device Set Pin Assignments 
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Table 4. RC2424DP/DS DSP Pin Assignments 



Table 5. RC2424DP/DS lA Pin Assignments 



^}?u5l&? 


64-Pin QUIP 


SISI' 


I/O 


Pin Number 


Type 


52 


1 


MM 




53 


2 


MI8 




54 


_ 


DGND 




55 


3 


N,Q, 




56 


4 


EYEQLK 


OA 


57 


5 


RDCLK 


OA 


58 


6 


RBCLK 


OA 


59 


7 


RXD 


OA 


60 


8 


RLSD 


OA 


61 


9 


T/DRC 


lA 


62 


10 


RTS 


lA 


63 


11 


RXD (3105) 


lA 


64 


12 


TXR1 (3105) 


OB 


65 


13 


TXR2 (3105) 


OB 


66 


14 


TRS(3105) 


OB 


67 


15 


N.C. 




68 


16 


N.C. 




1 


17 


DGND 




2 


18 


D7 


lA/OB 


3 


19 


D6 


lA/OB 


4 


20 


D5 


lA/OB 


5 


21 


D4 


lA/OB 


6 


22 


D3 


lA/OB 


7 


23 


D2 


lA/OB 


8 


24 


D1 


lA/OB 


9 


25 


DQ- 


lA/OB 


10 


26 


IRQ 


OC 


11 


27 


WBITE 


lA 


12 


28 


C$ 


lA 


13 


29 


READ 


lA 


14 


30 


RS4 


lA 


15 


_ 


DGND 




16 


31 


RS3 


lA 


17 


32 


RS2 


lA 


18 


33 


RSI 


lA 


19 


_ 


DGND 




20 


34 


RSO 


lA 


21 


35 


ILSL 




22 


36 


D5R 


OB 


23 


37 


Rl 


OB 


24 


38 


EN86 


lA 


25 


39 


EYEY 


OB 


26 


40 


EYEX 


OB 


27 


41 


EYESYNC 


OB 


28 


42 


N,Q. 




29 


43 


RESET 


lA 


30 


44 


XTLI 


1 


31 


45 


XTLO 





32 


46 


N.C. 




33 


47 


N.C. 




34 


48 


N.C. 




35 


49 


+5V 




36 


50 


M12 




37 


51 


MI2 




38 


52 


RD 


lA 


39 


53 


XTCLK 


lA 


40 


54 


PQND 




41 


55 


CTS 


OA 


42 


56 


TXD 


lA 


43 


57 


TBCLK 


OA 


44 


58 


TDCLK 


OA 


45 


59 


MI2 




46 


60 


N.C. 




47 


61 


MI3 




48 


62 


MI4 




49 


63 


MI5 




50 


64 


MI6 




51 


- 


DGND 




Notes: 






Ml = Modem Interconnection (e.g., \ 


^17), see Figure 3. 




N.C. = No Connection, leave pin die 


connected (open). 




I/O Type: See Table 7. 







ttfrm'fi? 


pm"J?iSr 


ssai' 


Type 


1 


- 


N.C. 




2 


1 


AGND 




3 


2 


Mil 4 




4 


3 


MI6 




5 


4 


MIS 




6 


_ 


N.C. 




7 


5 


MI7 




8 


6 


AGND 




9 


7 


DGND 




10 


8 


MI5 




11 


9 


-5YA 




12 


10 


RESET TC 


lA 


13 


11 


FOR 


lA/OA 


14 


12 


T/DRC 


lA 


15 


13 


N.C. 




16 


14 


n-KRELAY 


OD 


17 


15 


OHRELAY 


OD 


18 


16 


N.C. 




19 


17 


DGND 




20 


18 


-5VA 




21 


19 


MI10 




22 


20 


Mill 




23 


21 


AGND 




24 


22 


MM 3 




25 


23 


MI4 




26 


24 


AGND 




27 


25 


DGND 




28 


_ 


N.C. 




29 


26 


N.C. 




30 


27 


TRAN OUT 


0(DD) 


31 


28 


MI3 




32 


29 


MI2 




33 


30 


+5VA 




34 


31 


Mil 




35 


32 


AGND 




36 


33 


BIAS 


1 


37 


34 


RECIN 


l(DB) 


38 


35 


REC OUT 


0(DA) 


39 


- 


N.C. 




40 


36 


MM 2 




41 


37 


MM 5 




42 


38 


AGND 




43 


39 


+5VA 




44 


40 


N.C. 




Notesi 






Ml = Modem Interconnection (e.g.. Mi7), see Figure 3. 




N.C. = No Connection, leave pin disconnected (open). 




I/O Type: See Tables 7 and 8. 
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HARDWARE INTERFACE SIGNALS 

The RC2424DP/DS hardware functional interface signals 
are shown in Figure 3. In this diagram, any point that is ac- 
tive low is represented by a small circle at the signal point. 



Edge triggered inputs are denoted by a small triangle (e.g., 
TDCLK). Open-Collector (open-source or op en-dr ain) out- 
puts are denoted by a small half -circle (e.g., IRQ). Active 
low signals are overscored (e.g., POR). 

A clock intended to activate logic on its ri sing edg e (low- 
to-high transition) is called active low (e.g., RDCLK), while 



a clock intended to activate logic on its falling edge (high- 
to-low transition) is called active high (e.g., TDCLK). When 
a clock input is associated with a small circle, the input ac- 
tivates on a falling edge. If no circle is shown, the input ac- 
tivates on a rising edge. 

The hardware Interconnect signals are organized into 
functional groups. These signals, along with their interface 
circuit type codes, are listed in Table 6. The digital and 
analog interface characteristics are defined in Tables 7 
and 8, respectively. 
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Table 6. RC2424DP/DS Hardware Interface Signals 





I/O 




Name 


Type 


Description 


DSP and lA Overhead 


AGND 


GND 


Analog Ground Return 


DGND 


GND 


Digital Ground Return 


+5V 


PWR 


+5 Volt Supply (DSP & lA) 


-5V 


PWR 


-5 Volt Supply (lA) 


RESET 


lA 


Reset (DSP) 


POR 


lA/OA 


Power-On-Reset (lA) 


RESET TC 


lA 


Reset Time Constant (lA) 


XTLI 


1 


Crystal In 


XTLO 





Crystal Out 


DSP/Host Processor Pararallel Bus Interface 


D7 


lA/OB 


t 


D6 


lA/OB 




D5 


lA/OB 




D4 


lA/OB 


Data Bus (8-Bits) 


D3 


lA/OB 






D2 


lA/OB 






D1 


lA/OB 






DO 


lA/OB 


i 


RS4 


lA 


t 


RS3 


lA 


1 


RS2 


lA 


Register Select (S-Bits) 


RS1 


lA 


1 


RSO 


lA 


i 


CS 


lA 


Chip Select 


READ (^) 


lA 


Read Enable or <|»2 Clock 


WRITE mm 


lA 


Write Enable or Read/Write 


IRQ 


OC 


Interrupt Request 


EN86 


lA 


Enable 8086 Bus 


DSP/TCM31 05 Interface 


RXD(3105) 


lA 


V.23 Receive Data 


TXR1 (3105) 


OB 


V.23TCM 3105 Control 


TXR2(3105) 


OB 


V.23 TCM 3105 Control 


TRS(3105) 


OB 


V.23 TCM 3105 Control 


DSP/Llne Interface 


RD 


lA 


Ring Detect 



Table 6. RC2424DP/DS Hardware Interface Signals 
(Cont'd) 



Name 



I/O 
Type 



Description 



DSP/V.24 Interface 



XTCLK 

TDCLK 

RDCLK 

RTS 

CIS 

DSR 

TXD 

RXD 

RLSD 

Rt 



lA/External Filter Components 



lA External Transnnit Clock 

OA Transmitter Data Clock 

OA Receiver Data Clock 

lA Request-To-Send 

OA Clear-To-Send 

OB Data Set Ready 

lA Serial Transmit Data 

OA Serial Receive Data 

OA Received Line Signal Detector 

OB Ring Indicator 



REC IN DB lA Receiver Op Amp Input 

REC OUT DA lA Receiver Op Amp Output 

TRAN OUT DD lA Transmitter Analog Output 



External Filter Components/Line Interface 



RXA 
TXA 



DE 
DF 



lA/Line Interface 



Receive Analog Input 
Transmit Analog Output 



OHRELAY 



OD 



DSP/Ancillary Circuits 



Off-Hook Relay Driver 



TBCLK 
RBCLK 



OA 
OA 



Transmit Baud Clock 
Receive Baud Clock 



lA/Ancillary Circuits 



T/DRC 
TLKRELAY 



lA 
OD 



Uncommitted Relay Control 
Uncommitted Relay Driver 



DSP/Eye Pattern Generator (Diagnostic Circuit) 



EYEX OB Eye Pattern Data X-Axis 

EYEY OB Eye Pattern Data Y-Axis 

EYECLK OA Eye Pattern Clock 

EYESYNC OB Eye Pattern Sync 



NOTES: 1 . I/O types are described in Table 7 (digital signals) and 
Table 8 (analog signals). 
2. Unused inputs tied to +5V or ground require individual 
1 0K Q series resistors. 






Table 7. Digital Interface Characteristics 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Input High Voltage (Types A & B) 


VlH 


2.0 


- 


Vcc 


Vdc 




Input High Current 


IlL 


_ 


_ 


40 


fiA 


Vcc = 5.25V, ViN = 5.25V 


Input Low Voltage (Types A & B) 


ViL 


-0.3 


- 


0.8 


Vdc 




Input Low Cun-ent 


llH 


- 


- 


-400 


mA 


Vcc = 5.25V 


Input Leakage Current 


llN 


- 


- 


±2.5 


mA 


ViN = to +5V, Vcc = 5.25V 


Output High Voltage 
Type A and B 
TypeD 


VOH 


3.5 


- 


Vcc 


Vdc 


Iload = -100}iA 
Load = mA 


Output Low Voltage 
Type A and C 
TypeB 
TypeD 


Vol 


- 


0.75 


0.4 
0.4 


Vdc 


Iload = 1 .6 mA 
Iload = 0.8 mA 
Iload = 15 mA 


Three-State Input Current (Off) 


Itsi 


- 


- 


±10 


mA 


ViN = 0.4toVcc-1 


Power Dissipation 


Pd 


- 


530 


850 


mW 
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Table 8 


1. Analog Interface Characteristics 


Name 


Type 


Characteristic 


REC OUT 


DA 


1458 type op amp output 

Dynamic range: -9 dBm to -43 dBm 


REG IN 


DB 


1 458 type op amp input 


TRAN OUT 


DD 


1458 type op amp output 
Po (High Band) = -0.5 dBm 
Po (Low Band) = -2.5 dBm 


RXA 


DE 


Input impedance: 68.1 KQ ± 1% 
Receive level: -9 dBm 


TXA 


DF 


1458 type op amp output 
Output level: dBm ±1 dB 



OVERHEAD SIGNALS 

Overhead signals include power, ground, reset, and crys- 
tal signals. 

-I- 5V Supply 

+5V ± 5% is required by both the DSP and the lA devices. 

-5V Supply 

-5V ± 5% is required by the lA device. 



DSP Reset (RESET) 



The active low RE SET inp ut resets the internal DSP logic. 
Upon transition of RESET from low-to-high, the DSP inter- 
face memory bits are set to the default values shown in 
Table 11. 



During DSP power turn-on, RESET must be held low for 
at least 0.5 microseconds after Vcc operating voltage is 
attai ned for t he Internal clock oscillator to sta bilize. The 
DSP R ESET input is usually tied to the I A POR line to have 
the lA POR output initiate a reset upon RC2424DP/DS 
power turn-on or if the lA detects a low power condition. 

Power-On -Reset (POR) 

The lA Power-On Reset (POR) signal is a bidirectional sig- 
nal that is used as an active low input to reset the I A device 
and as an active low output to initiate an external reset of 
the DSP when a low power condition is detected within the 
lA device. 

The lA device power-on reset circuit monitors the IA_+5V 
supply and outputs a 100 ms to 300 ms low pulse on POR 
upon lA +5V turn-on. This pulse is generated regardless 
of the IA-5V supply level. A 10 ms minimum low pulse on 
POR is also generated when the I A +5V supply drops 
below 3.5V. 



the POR sequence. The modem is rea dy 35 ms after the 
low-to-high transition of POR. The POR sequence Is 
reinitiated any time the +5V supply drops bel ow +3 .5V for 
more than 3 ms, o r an external device drives POR low for 
at l east 3 |xs. POR is not pulsed low by the lA device when 
the POR sequence is initiated externally. 

NOTE: If the modem is used in applications where the 
supply volt age c an drop below +4.75V but not low enough 
to cause a POR sequence (i.e., <+3.5V), the host system 
should assert the reset signals to the DSP and lA devices 
upon supply voltage recovery to ensure proper modem in- 
itialization and operation. 



lA Reset Time Constant (RESET TC) 

When lA POR is used as described above, an external d is- 
crete RC networkmust be connected to the RESET TC pin 
to generate the POR long time constant (see Figure 9). 

In mode m circuits no t requiring the bidirectional POR sig- 
nal, the RESET TC input can be use d as th e active low 
res et input to th e I A device rather than POR. In th is case, 
the RESET TC should be connected to the D SP R ESET 
input instead of the RC network, and the I A POR input 
should be left open. 

Crystal In (KTLl) and Crystal Out (XTLO) 

The DSP must be connected to an external crystal circuit 
consisting of a 24.0001 4 MHz crystal and two capacitors 
(see Figure 9 and Table 19). 

MICROPROCESSOR INTERFACE 

Eighteen address, data, control and Interrupt hardware in- 
terface signals implement an 8086/6502 compatible paral- 
lel microprocessor interface to a host processor. The 
read/write cycle timing requirements are listed In Table 9 
and the timing waveforms are illustrated in Figure 4. 

This parallel interface allows the host to change modem 
configuration, read or write channel and diagnostic data, 
and supervise modem operation by writing control bits and 
reading status bits. The definitions of the control and 
status bits, along with the methods of data interchange, 
are discussed in the Software Interface Section. 



Table 9. Microprocessor Bus Interface Timing 



When DSP RE SET a nd lA POR are tied together, the lA 
devices pulses POR low upon lA power turn-on to begin 



Parameter 


Symbol 


Min. 


Max. 


Units 


CS Setup Time 


TCS 





_ 


ns 


RSi Setup Time 


TRS 


25 


- 


ns 


Data Access Time 


TDA 


- 


75 


ns 


Data Hold Time 


TDHR 


10 


- 


ns 


Control Hold Time 


THC 


10 


- 


ns 


Write Data Setup Time 


TWDS 


20 


- 


ns 


Write Data Hold Time 


TDHW 


10 


- 


ns 
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Data Lines (D0-D7) 

Eight bidirectional data lines (D0-D7) provide parallel 
transfer of data between the host and the modem. The 
most significa nt bit is D7. Data direction is controll ed by the 
Read Enable (READ) and Write Enable (WRITE) signals. 

Chip Select ^) 

The active low Chip Select (CS) input selects the modem 
DSP for parallel data transfer between the DSP and the 
host over the microprocessor bus. 

Register Seiect Lines (RSO - RS4) 

The five active high Register Select inputs (RSO - RS4) ad^ 
dress interface memory registers within the DSP when CS 
is low. These lines are typically connected to address lines 
A0-A4. 

When selected by CS low, the DSP decodes RSO through 
RS4 to address one of 32 8-bit internal interface memory 
registers (00-1 F). The most significant address bit Is RS4 
while the least significant address bit is RSO. The selected 
register can be read from, or written into, via the 8-bit paral- 
lel data bus (D0-D7). 



Read Enable (READ) and Write Enable(WRITE) 

The microprocessor bus operates with either 8086 or 6502 
compatible timing as selected by the EN86 input. 

When EN86 is high, 8086 timing is select ed, and the 
read/write co ntrol sign als are Read Enable (READ) and 
Write Enable (WRITE) . Read ing or writi ng is controlled by 
the host pulsing either READ or WRITE input low, respec- 
tively, during the microprocessor bus access cycle (Figure 
4a). 

During a read cycle, data from the addressed DSP inter- 
face memory register is gated onto the data bus by means 
of three-state drivers in the DSP. These drivers force the 
data lines high for a one bit, or low for a zero bit. When not 
being read, the three-state drivers assume their high-im- 
pedance (off) state. 

During a write cycle, data from the data bus is copied into 
the addressed DSP interface memory register, with high 
and low bus levels representing one and zero bit states, 
respectively. 

When EN86 is low, 6502 timing is selected, and the 
read/ write c ontrol signals are Phase 2 Clock_((i)2) and 
Read/W rite (R/W). ((|>2 replaces READ and R/W replaces 
WRITE.) Reading orjyriting is controlled by pulsing R/W 
low or leaving R/W high, respectively, during the 
microprocessor bus access cycle (Figure 4b). 



interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be con- 
nected to the host interrupt request input in order to inter- 
rupt host p rogra m execution for immediate modem 
service. The IRQ output can be enabled In the DSP inter- 
face memory to indicate immediate chan ge of conditions 
in the modem DSP device. The use of IRQ is optional 
depending upon modem application. Refer to the Software 
Considerations Section for a summary of the modem inter- 
rupt bits, interrupt conditions and interrupt clearing proce- 
dures. 

The IRQ output structure is an open-drain field-effect-tran- 
sisto r (FET). The IRQ output can be wire-ORed with other 
IRQ lines in the application system. Any of these sources 
can drive the host interrupt request input low, and the host 
interrupt servicing process normally continues until all in- 
terrupt requests have been serviced (i.e., all IRQ lines 
have returned high). 

Because of the open-drain structure of IRQ, an ext ernal 
pull-up resistor to +5V is required at some point on the IRQ 
line. The resistor valu e sho uld be small enough to pull the 
IRQ line high when all IRQ drivers are off (i.e., it must over- 
come the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a level ac- 
ceptable to each driver. If only the modem IRQ output is 
used, a resistor value of 5.6K ohms ±20%, 0.25W, is suf- 
ficient. 

V.24 INTERFACE 

Ten hardware circuits provide timing, data and control sig- 
nals for implementing a CCITT Recommendation V.24 
compatible serial interface. The serial interface signals 
are TTL compatible and can drive the short wire lengths 
and circuits normally found within stand-alone modem 
enclosures or equipment cabinets. For driving longer 
cables, these signals can be easily converted to RS-232- 
C voltage levels using 1 489 receivers and 1 488 drivers, or 
their equivalents. The serial interface timing is illustrated 
in Figure 5. 

The RTS hardware control input is logically ORed with its 
corresponding interface memory bit by the modem to form 
the resultant control signa l. The state o f eachjiardware 
status output signal (CTS, DSR, RLSD, and Rl) is also 
reflected in its corresponding interface memory bit. Note 
that the hardware interface signals are complemented with 
respe ct to their corresponding interface memory bits (e.g., 
RTS signal low = RTS bit set to a 1). 
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Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the 
host on the Transmitted Data (TXD) input in serial mode, 
or from the interface memory Transmit Data Register 
(TBUFFER) in parallel mode. (The TPDM bit in selects the 
serial or parallel mode.) 

Received Data (RXD) 

The modem presents received serial data to the host on 
the Received Data (RXD) output and to the interface 
memory Receive Data Register (RBUFFER) in both serial 
and parallel modes. RXD is clamped to mark in SDLC 
mode. 

Request To Send (RTS) 

Request to Send (RTS) input ON (lo w) causes the modem 
to transmit data on TXD when CTS becomes active. 

Ciear To Send (CTS) 

Clear to Send (CTS) output ON (low) indicates tha t the 
modem will transmit an y dat a present on TXD. CTS 
response times relative to RTS are shown in Table 3. 

Data Set Ready (DSR) 

Data Set Ready (DSR) output ON (low) indicates that the 
modem is in the data transfer state, i.e.: 

1 . The modem is not in the talk state, i.e., an as- 
sociated telephone handset is not in control of the 
line. 

2. The modem is not in the process of automatically 
establishing a call via pulse or DTMF dialing. 

3. The modem has generated an answer tone or 
detected answer tone. 

DSR OFF (high) indicates that the host is to disregard all 
signals appearing on the interchange circuits except Ring 
Indicator (Rl). 



Received Line Signai Detector (RLSD) 



RLSD ON (low) indicates that valid data is available on 
RXD. Th e RLSD thresholds are programmable in DSP 
RAM. The RLSD default threshold values for both high and 
low channels are: 



RLSD ON^-43dBm 
RLSDOFF^-48dBm 

Ring indicator (R[) 

Ring Indicator (Rl) output ON (low) indicates the presence 
of an ON segment of a ring signal on the telephone line. 
(The ring signal cycle is typically two seconds ^N, four 
seconds OFF.) The OFF (high) condition of the Rl output 
is maintained during the OFF segment of the ring cycle 
(between rings) and at all other times when ringing is not 
being received. 



The Rl frequency range is programmable in DSP RAM. Rl 
will respond to RD input signals in the frequency range of 
15.3 Hz to 68 Hz (default values). 

The Rf OFF-to-ON (ON-to-OFF) response time is defined 
as the time interval between the sudden connection 
(removal) of the ring signal on the RD input and the sub- 
sequent ON (OFF) transition of Rl. The Rl response times 
are shown in Table 10. 

Table 10. Ri Response Time 



Rl Transition 


Response Time 


OFF to ON 
ON to OFF 


One Period* 
One Period 


* Period of the ring frequency. 



Transmit Data Ciocic (TDCLK) 

The modem outputs a Transmit Data Clock (TDCLK) in 
synchronous communications. The TDCLK clock frequen- 
cy is data rate ±0.01 % with a duty cycle of 50 ± 1 %. Trans- 
mit Data (TXD) must be stable during the one microsecond 
period immediately preceding and following the rising 
edge of TDCLK. 

In asynchronous modes, TDCLK is clamped to mark. 

External Transmit Ciock (XTCLiC) 

In synchronous communication, the host may supply the 
external transmit data clock input (XTCLK). The clock sup- 
plied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input is reflected at TDCLK if the 
modem is set for external clock (TXCLK =10). 



Receive Data Ciock (RDCLK) 

The modem outputs a Receive Data Clock (RDCLK) In the 
form of 50 ±1% duty cycle squarewave. The low-to-high 
transitions of this output coincide with the center of 
received data bits. The timing recovery circuit can track a 
±0.01% frequency error in the remote transmit timing 
source. 



RDCLK is output in sy nchronou s communications only. In 
asynchronous modes, RDCLK is clamped to mark. 

DAA iNTERFACE 

Receive Analog (RXA) 

RXA is an Input to the external filter components from a 
data access arrangement (see Figure 9). The input im- 
pedance at RXA is determined by R13 (see Design Con- 
siderations Section). R13 is selected such that power at 
REC OUT is -9 dBm when the maximum signal is applied 
to RXA. 
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Transmit Analog (TXA) 

The TXA output from the external filter components (see 
Figure 9) can drive a data access arrangement for connec- 
tion to either the PSTN or a leased line. The transmitter 
output impedance is a 1 458 type operational amplifier out- 
put. The output level is determined by R15 (see Design 
Considerations Section). 

ANCILLARY SIGNALS 

Talk/Data Relay Driver (TLKRELAY) 

TLKRELAY is an open drain output which can drive a nor- 
mally closed relay with greater than 360 Q c oil resis tance. 
The TLKRELAY output Is controlled by the T/DRC input. 
The TLKRELAY output is clamped off during power-on 
reset. An external discrete diode is not required across the 
relay coil. 

In a typical application, TLKRELAY OFF opens the 
TalK/Data relay and disconnects the handset from the 
telephone line (i.e., the modem has control of the line.) 



Off-Hook Relay Driver (OHRELAY) 



OHRELAY is an open drain output which can drive a nor- 
mally open relay with greater than 360 Q coil resistance. 
OHRELAY ON closes the Off-Hook relay and c onnects the 
modem to the telephone line (off-hook). The OHRELAY 
output is controll ed by the s tate of the RA bit, except in 
pulse dial mode. OHRELAY output is clamped off during 
power-on reset. An external discrete diode is not required 
across the relay coil. 



Talk/Data Relay Control (T/DRC) 



TalK/Data Relay Control (T/DRC) is an uncom mitted in put 
that controls the state of the TLKRE LAY out put. T/DRC low 
turns the TLKRELAY output ON; T/DRC high turns the 
TLKRELAY output OFF. 

Ring Detect (RD) 

RD indicates to the modem by an ON (high) condition that 
a ringing signal is present. The signal (a 4N35 optoisolator 
compatible output) into the RD input should not respond to 
momentary bursts of ringing less than 125 ms in duration, 
or to less than 40 Vrms, 1 5 Hz to 68 Hz, appearing across 
TIP and RING with respect to ground. The ring is then 
reflected on Rl. 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud 
Clock (RBCLK) outputs are provided in synchronous com- 



munication modes. TBCLK and RBCLK have no counter- 
part in the V.24 or RS-232-C recommendations since they 
mark the baud interval rather than the data rate for the 
transmitter and receiver, respectively. Both signals are 
active high. The high-to-low transition of each baud clock 
coincides with a high-to-low transition of the respective 
data clock. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to 
create an oscilloscope quadrature eye pattern. The eye 
pattern is simply a display of the received baseband con- 
stellation. By observing this constellation, common line 
distrubances can usually be identified. Timing of these sig- 
nals is illustrated in Figure 6. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit 
streams containing data for display on the oscilloscope 
horizontal (X) axis and vertical (Y) axis, respectively. This 
serial digital data must first be converted to parallel digital 
form by two serial-to-parallel converters and then to 
analog form by two digital-to-analog (D/A) converters. 

EYEX and EYEY outputs are 8-bit words, shifted out most 
significant bit first. EYEX and EYEY are clocked by the 
rising edge of EYECLK. 



EYECLK 



EYECLK is a clock fo r use by the serial-to-parallel con- 
verters. The EYECLK output is a 7200 Hz clock. 

EYESYNC 

EYESYNC is a strobe for word synchronization. The fall- 
ing edge of EYESYNC may be used to transfer the 8-blt 
word from the shift register to a holding register. Digital to 
analog conversion can then be performed for driving the X 
and Y inputs of an oscilloscope. 
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Figure 6. Eye Pattern Timing 
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SOFTWARE INTERFACE 

Modem functions are implemented in DSP firmware. 

INTERFACE MEMORY 

The DSP communicates witli the host processor by means 
of a dual-port, interface memory. The interface memory In 
the DSP contains thirty-two 8-bit registers, labeled register 
00 through 1F. Each register can be read from, or written 
into, by both the host and the DSP. The host communi- 
cates with the DSP interface memory via the microproces- 
sor bus. 

The host can control modem operation by writing control 
bits to DSP interface memory and writing parameter 
values to DSP RAM through the interface memory. The 
host can monitor modem operation by reading status bits 
from DSP interface memory and reading parameter values 
from DSP RAM through interface memory. 

INTERFACE MEMORY MAP 

A memory map of DSP interface memory identifying the 
contents of the 32 addressable registers is shown in 
Figure 7. These 8-blt registers may be read or written 
during any host read or write cycle. In order to operate on 
a single bit or group of bits in a register, the host proces- 
sor must read a register then mask out unwanted data. 
When writing a single bit or group of bits in a register, the 



host processor must perform a read-modify-write opera- 
tion. That is, the host must read the entire register, set or 
reset the necessary bits without altering the other register 
bits, then write the unaffected and modified bits back into 
the interface memory register. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 11 defines the Individual bits in the interface 
memory. Bits in the interface memory are referred to using 
the format Z:Q. The register number is denoted by Z (00 
through 1 F) and the bit number is located by Q (0 through 
7,where0 = LSB). 

INITIALIZATION 

The POR default value for each configuration/control bit is 
shown in Table 1 1 . POR leaves the modem configured as 
follows: 

• 2400 bps 

• Synchronous 

• Constant carrier 

• Serial data mode 

• Answer mode 
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Figure 7. RC2424DP/DS Interface Memory Map 
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Table 11. Interface Memory Bit Definitions 



Mnemonic 



ARC 



ASYNC 



ATBELL 

ATV25 

BEL103 

BRKD 
BRKS 

CC 



CEQ 



Memory 
Location 



03:3 



08:7 



0B:3 

0B:4 

0B:0 

0E:6 
06:7 

09:6 



05:3 



Default 
Value 



Name/Description 



Automatic Rate Change Enable. When control bit ARC is a 1 , an automatic on-line rate 
change sequence Is enabled. This allows on-line fallback from 2400 bps to 1 200 bps per 
V.22 bis Section 6.6. 

Asynchronous/Synchronous. When control bit ASYNC is a 1 , asynchronous data mode is 
selected. When ASYNC changes from a to a 1 , the receiver's synchronous to 
asynchronous converter and the transmitter's asynchronous to synchronous converter are 
configured according to the EXOS, PARSL, P-EN, STB and WDSZ bits at that time. ASYNC 
may be used to switch between synchronous and asynchronous modes at any time in idle 
or data mode. Asynchronous communication is available only in parallel data mode (TPDM 
= 1). All clocks are clamped to mark in asynchronous mode. 

When ASYNC is a 0, synchronous data mode is selected. The SYNCMD bits further select 
one of two synchronous modes. 

Bell Answer Tone Detected. When set to a 1 , status bit ATBELL indicates that the modem 
is detecting a 2225 Hz answer tone. When reset to a 0, the 2225 Hz answer tone Is not 
being detected. ATBELL is active only in the Dial/Call Progress and originate handshake 
configurations. 

V25 Answer Tone Detected. When set to a 1 , status bit ATV25 signifies that the modem is 
detecting a 21 00 Hz answer tone. When reset to a 0, the 21 00 Hz answer tone is not being 
detected. ATV25 is only active in the Dial/Call Progress and originate handshake modes 
(0RG = 1). 

Bell 103 Mark Frequency Detected. When set to a 1 , status bit BEL1 03 indicates that the 
modem is detecting a Bell 1 03 mark frequency (1 270 Hz) . When reset to a 0, the mark fre- 
quency Is not being detected. BEL1 03 is available only in Dial/Call Progress and answer 
handshake modes (ORG = 0). 

Break Detected. When set to a 1 , status bit BRKD indicates the modem is receiving con- 
tinuous space. When reset to a 0, continuous space is not being received. 

Break Sequence. When control bit BRKS is a 1 and TPDM Is a 1 , the modem will send con- 
tinuous space. When BRKS Is a and TPDM is a 1 , the modem will transmit parallel data 
from the TBUFFER. (This bit is valid only when TPDM = 1 .) 

Controlled Carrier. When cont rol bi t CC is a 1 , the modem operates in controlled carrier 
(I.e., the carrier Is controll ed by RTS); when 0, the modem operates In constant carrier (i.e., 
the carrier stays on when RTS is off). Controlled Carrier is available only in leased line 
(LL=1). 

Controlled carrier allows th e mod em transmitter to be controlled by the RTS pin or the RTS 
bit (see Table 3), When the RTS pin goes low, or the RTS bit set t o a 1 , the transmitter im- 
mediately sends scrambled ones for 270 ms and then turns on the CTS signal and the CTS 
bit. At 2400 bps, it is recommended that a retrain be sent once In the data mode to ensure 
that synchronization occurs. (V.22 bis) 

Compromise Equalizer Enable. When control bit CEQ is a 1 , the transmitter's passband 
digital compromise equalizer Is inserted into the transmit path. When CEQ is a 0, the 
equalizer is not inserted into the transmit path. 



4 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



CONF 



12:0-7 



84 



ORGS 
CRFZ 
CTS 

DATA 



0A:0 
04:0 
0F:5 

09:2 



DDIS 
DSR 



08:4 
0F:4 



Modem Configuration Select. The CONF control bits select the modem operating mode 
from one of the foilowing configuration codes: 

Data Rate (bps) 



Mode 


Transmit 


Receive 


CONF (Hex) 


V.22 bis 


2400 


2400 


84 


V.22 


1200 


1200 


52 


V.22 


600 


600 


51 


Bell 21 2A 


1200 


1200 


62 


Bell 103 


0-300 


0-300 


60 


V.21 


300 


300 


AO 


V.23 


75 


1200 


46 


V.23 


1200 


75 


47 


V.23 


75 


600 


44 


V.23 


600 


75 


45 


V.23 


1200 


1200 


42 


V.23 


600 


600 


41 


V.23 


75 


75 


40 


Tone Generator/Detector 




80 


Dial/Call Progress Monitor 




81 



Note: NEWC must be set to a 1 after CONF is changed. 

CRC Sending. When set to a 1 , status bit ORGS indicates that the transmitter is sending 
the ORG (2 bytes) in SDLG mode. A indicates that the ORG is not being sent. 

Carrier Recovery Freeze. When control bit GRFZ is a 1 , updating of the receiver's carrier 
recovery phase locl< loop (PLL) is inhibited. When reset to a 0, normal updating is enabled. 

Clear to Send. When set to a 1 , status bit GTS indicates that the training sequence has 
been completed and any data present at TXD (serial mode) o r in T BUFFER (parallel mode) 
will be transmitted (see TPDM). GTS response times from an RTS ON or OFF transition 
after the modem has completed a handshake are shown in Table 3. When reset to a 0, data 
is not being transmitted. 

Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not 
being transmitted. The modem is prevented from entering and proceeding with the hand- 
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to 
a 1 by the host at a suitable time after completion of dialing or answering. 

When control bit DATA is a 1 , the modem is in the data mode in either leased line mode (LL 
= 1) or handshake mode (LL = 0). 

Descrambler Disable. When control bit DDIS is a 1 , the receiver's descrambler circuit is 
disabled; when a 0, the descrambler circuit is enabled. 

Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is In the 
data transfer state. When reset to a (OFF), DSR indicates that the DTE is to disregard all 
signals appearing on the interchange circuits-except Rl. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


DTMF 


09:5 





DTMF Select. When the modem is configured for dialing mode (CONF = 81), the modem 
will dial using DTMF tones or pulses. When control bit DTMF is a 1 , the modem will dial 
using DTMF tones. When DTMF is a 0, the modem will dial using pulses. The DTMF bit can 
be changed during the dialing process to allow either tone or pulse dialing of consecutive 
digits. Dialing mode is selected by configuration code 81 in the Configuration Register 
(CONF). When in dialing mode, the data placed in the Transmitter Data Buffer (TBUFFER) 
is treated as the digit to be dialed. The number to be dialed must be represented by two 
hexadecimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the TBUFFER). 
Also, see TDBE bit. 

Dialing timing is host programmable in DSP RAM. 


EQFZ 


04:3 





Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive 
equalizer taps is inhibited. When a 0, updating Is enabled. 


EQRES 


04:7 





Equalizer Reset. When control bit EQRES is a 1 , the receiver adaptive equalizer taps are 
reset to zero. When a 0, the equalizer taps are updated normally. 


EXOS 


06:6 





Extended Overspeed. When control bit EXOS is a 1 , Extended Overspeed mode is 
selected in the transmitter async-to-sync converter and In the receiver sync-to-async con- 
verter. When a 0, normal overspeed mode is selected. (See SPLIT) 


FE 


0E:4 





Framing Error. When set to a 1 , status bit FE indicates that more than 1 in 8 (or 1 in 4 for 
extended overspeed) characters were received without a Stop bit in asynchronous mode or 
an ABORT sequence was detected in SDLC/HDLC synchronous mode. When reset to a 0, 
no framing error is detected. 


FLAGS 


0F:0 





Flag Sequence. When set to a 1 , status bit FLAGS indicates that the transmitter is sending 
the Flag sequence in SDLC/HDLC mode, or a constant mark in parallel asynchronous 
mode. When reset to a 0, FLAGS indicates that the transmitter is sending data. 


GTE 


03:1 





Guard Tone Enable. When control bit GTE is a 1 , the specified guard tone to be trans- 
mitted is enabled (CCITT configurations only), according to the state of the GTS bit. The 
guard tone will be transmitted only by the answering modem. When set to a 0, guard tone 
transmission is disabled. (V.22 bis) 


GTS 


03:0 





Guard Tone Select. When control bit GTS is set to a 1 , the 550 Hz tone is selected; when a 
0, the 1 800 Hz tone is selected. The selected guard tone will be transmitted only when GTE 
is enabled. (V.22 bis) 


!FIX 


04:2 


1 


Eye Fix. When control bit IFIX is a 1 , the serial diagnostic data output on the EYEX and 
EYEY pins reflects the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and 
EYEY is selected by the addresses in X RAM Address and Y RAM Address registers, 
respectively. 


LL 


09:3 





Leased Line. When control bit LL is set to a 1 , the modem will enter the Leased Line Data 
Mode (selected by the ORG bit) when the DATA bit is a 1 . When a 0, the modem will enter 
the Handshake Mode (selected by the ORG bit) when the DATA bit is a 1 . 


L2ACT 


07:5 





Loop 2 (Local Digital Loopback) Activate. When control bit L2ACT is a 1 , the receiver's 
digital output is internally connected to the transmitter's digital input (locally activated digital 
loopback) in accordance with CCITT Recommendation V.54. 


L3ACT 


07:3 





Loop 3 (Local Analog Loopback) Activate. When control bit L3ACT is a 1 , the 
transmitter's analog output is internally coupled to the receiver's analog input (local analog 
loopback) in accordance with CCITT Recommendation V.54. 

The modem may only be placed into loop 3 mode when in idle mode (DATA bit is a 0). After 
setting the L3ACT bit to a 1 , the NEWC bit must also be set. The loopback is then com- 
pleted when the modem sets DSR, CTS, and DCD (RLSD) bits to a 1 . To terminate the loop- 
back, reset L3ACT to a and then set NEWC to a 1 . 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



MHLD 



NCIA 



NCIE 



NEWC 



07:0 



1F:6 



1F:2 



1F:0 



NEWS 



NSIA 



NSIE 



1F:3 



1F:7 



1F:4 



Mark Hold. When control bit MHLD is a 1 , the transmitter sends continuous mark. When 
MHLD Is a 0, the transmitter sends continuous flag or data from TBUFFER. This bit is valid 
only in SDLC/HDLC mode. 

NEWC Interrupt Active. When the new configuration interrupt Is enabl ed (N CIE is a 1) and 
a new configuration is implemented (NEWC is reset to a by the DSP), IRQ is asserted and 
status bit NCIA is set to a 1 to indicate that NEWC being a caused the interrupt. NCIA and 
the interrupt request due to NEWC are cleared by the host writing a into NCIE. (See 
NEWC and NCIE.) 

NEWC Interrupt Enable. When control bit NCIE Is a 1 (interrupt enabled), the modem will 
assert IRQ and set NCIA to a 1 when the NEWC bit is reset to a by the DSP. When NCIE 
Is a (interrupt disabled), NEWC has no effect on IRQ or NCIA. (See NEWC and NCIA.) 

New Configuration. When control bit NEWC Is set to a 1 , the modem will implement the 
new configuration. The DSP resets the NEWC bit to a Owhe n the configuration change Is 
acknowledged. A configuration change can also cause IRQ to be asserted. (See NCIE and 
NCIA.) 

Note: Control bit NEWC must be set to a 1 by the host after the host changes the contents 
of any of the following control bits: 



CONF 


Configuration 


SYNCMD 


Synchronous Mode Select 


GTE 


Guard Tone Enable 


GTS 


Guard Tone Select 


RDLE 


Remote Digital Loopback Enable 


RDL 


Remote Digital Loopback Request 


L2ACT 


Loop 2 Activate 


L3ACT 


Loop 3 Activate 


RA 


Relay Activate 


PARSL 


Parity Select 


PEN 


Parity Enable 


STB 


Stop Bit Number 


WDSZ 


Word Size 


ORG 


Originate Mode 


LL 


Leased Line Mode 


DATA 


Data 


ASYNC 


Asynchronous Mode 


RTRN 


Retrain 


TLVL 


Transmit Level 


EQRES 


Equalizer Reset 



New Status. When set to a 1 , status bit NEWS indicates that one or more status bits lo- 
cated in registers OA, OB, OE, or OF have changed state, or a DSP RAM read or write has 
been comp leted. This bit can be reset to a only by the host. When set to a 1 , this bit can 
cause IRQ to be asserted. (See NSIE and NSIA.) 

NEWS Interrupt Active. When the new statu s inte rrupt is enabled (NSIE is a 1) and a 
change of status occurs (NEWS is set to a 1), IRQ is asserted and status bit NSIA is set to a 
1 to indicate that NEWS being a 1 caused the interrupt. NSIA and the interrupt request due 
to NEWS are cleared when the host writes a to NEWS. (See NEWS and NSIE.) 

NEWS Interrupt Enable. When control bit NSIE is a 1 (interrupt enabled), IrQ will be as- 
serted and NSIA will be set to a 1 when NEWS is set to a 1 by the DSP. When NSIE is a 
(interrupt disabled), NEWS has no effect on IRQ or NSIA. (See NEWS and NSIA.) 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


NV25 


09:7 





No. V.25 Answer Tone. When control bit NV25 is a 1 , the transmitter will not transmit the 
21 00 Hz CCITT answer tone when a handshake sequence Is initiated and the modem is in 
answer mode. In originate mode, the receiver will not look for the 21 00 Hz tone. When reset 
to a 0, the modem will transmit the answer tone in answer mode and will look for the answer 
tone in originate mode. 


OE 


0E:3 





Overrun Error. When set to a 1 , status bit OE indicates that the Receiver Data Buffer 
(RBUFFER) was loaded from the RXA input before the host read the old data from RBUF- 
FER. When reset to a 0, RBUFFER was read before new receive data was loaded into 
RBUFFER. This is valid for both ASYNC mode and SDLG/HDLC mode. 


ORG 


09:4 





Originate. When control bit ORG is a 1 , the modem is in originate mode; when a 0, the 
modem is in answer mode. Note: The NEWC bit must be set after the ORG bit is changed. 


PARSL 


06:4, 5 




Parity Select. Control bits PARSL select the method by which parity is generated and 
checked during the asynchronous parallel data mode (ASYNC =1). The options are: 

5 4 Parity Selected 

Stuff Parity ("9th Data Bit") (see TXP, RXP) 

1 Space Parity 

1 Even Parity 
1 1 Odd Parity 


PE 


0E:5 





Parity Error. When set to a 1 , status bit PE indicates that a character with bad parity was 
received in the asynchronous mode, or bad CRC was detected in the SDLC/HDLC 
synchronous mode. When a 0, a character with good parity was received. 


PEN 
RA 


06:3 
07:1 






Parity Enable. When set to a 1 , control bit PEN enables parity generation and checking 
during asynchronous parallel data mode. When reset to a 0, parity generation and checking 
is disabled. 


Off-Hoolc Relay Activate. When control bit RA is set to a 1 . the OHRELAY output is ac- 
tivated causing the relay to close (off-hook); when RA is reset to 0, the OHRELAY is turned 
off causing the relay to open (on-hook). Note: The host has exclusive control of the 
OHRELAY output through the RA bit except in pulse dial mode. 


RBUFFER 


00:0-7 





Receive Data Buffer. The host obtains data from the modem receiver in the parallel data 
mode by reading a data byte from the RBUFFER. 


RDBF 


1E:0 




Receiver Data Buffer Full. When set to a 1 , status bit RDBF signifies that the modem 
wrote valid received data into register 00 (RBUFFER). This condition can also cause IRQ to 
be asserted. The host reading or writing register 00 resets the RDBF bit to 0. (See RDBIE 
and RDBIA.) 


RDBIA 


1E:6 





Receiver Data Buffer Interrupt Active. When the receiver data buffer full interrupt is 
enabled (RDBIE is a 1) and register 00 is written to by the DSP (RDBF is set to a 1), the 
modem asserts IRQ and sets RDBIA to a 1 to indicate that RDBF being a 1 caused the inter- 
rupt. The host reading or writing register 00 resets the RDBF bit to a and clears the inter- 
rupt request due to RDBF. (See RDBF and RDBIE.) 


RDBIE 


1E:2 





Receiver Data Buffer Interrupt Enable. When control bit RDBIE is a 1 (interrupt enabled), 
the modem will assert IRQ and set the RDBIA bit to a 1 when RDBF is set to a 1 by the 
DSP. When RDBIE is a (interrupt disabled), RDBF has no effect on IRQ or RDBIA. (See 
RDBF and RDBIA.) 


RDL 


07:6 





Remote Digital Loopback Request. When control bit RDL is a 1 , the modem initiates a re- 
quest for the remote modem to qo into digital loopback. RXD is clamped to a mark, and the 
RLSD bit and RLSD signal will be reset until the loop is established. When the host resets 
the RDL bit the modem sends the RDL terminating sequence. 
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Table 11. interface Memory Bit Definitions (Conrd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


ROLE 


07:7 





Remote Digital Loopback Response Enable. When set to a 1 , control bit RDLE enables 
the modem to respond to the remote modem's digital loopback request, thus going into loop- 
back. When this occurs, the modem clamps RXD to a mark; resets the CIS and RLSD bits 
to a 0, and turns the CTS and DCD signals OFF. The TM bit is set to a 1 to inform the host 
of the test status. 


Rl 


0F:3 





Ring indicator. When set to a 1 , status bit Rl indicates that_a valid ringing signal is being 
detected. Ringing is detected if pulses are present on the RD input in the 1 5 Hz - 68 Hz fre- 
quency range (default frequency range). The Rl bit follows the ringing signal with a 1 during 
the ON time and a during the OFF time coincident with Rl output signal. The minimum and 
maximum valid ring frequencies are host programmable in DSP RAM. If the maximum value 
is set to zero, the Rl bit will go on and off with each half of the ring frequency sine wave. 


RLSD 


0F:7 





Received Line Signal Detector. When status bit RLSD is set to a 1 , the carrier is being 
detected and receive data is valid. When a 0, the carrier is not being detected and RXD out- 
put is clamped to mark. Note: RXD is also clamped to mark during retrain while the RLSD 
bit remains on. 


RTDET 


0E:7 





Retrain Detected. When set to a 1 , status bit RTDET indicates that a retrain request se- 
quence has been detected. 


RTRN 


08:1 





Retrain. When control bit RTRN set to a 1 and the modem is in data mode, the modem re- 
quests retrain (or automatic rate change - see ARC) from the remote modem. RTRN is set 
to when the previous retrain is completed. Note: If retrain is not completed successfully, 
the host must clear the RTRN bit. 

Fallback from 2400 bps to 1200 bps per CCITT V.22 bis may be accomplished as follows: 

1 . Set the ARC bit to a 1 in both modems. 

2. Set the RTRN bit to a 1 in either modem. 
S.SettheNEWCbittoal. 

Fall forward from 1200 bps to 2400 may be accomplished as follows: 

1 . Reset the ARC bit (with the remote modem having the ARC bit set). 

2. Set the RTRN bit. 
3.SettheNEWCbiL 

If the remote modem can operate at the requested rate, the SPEED bits will be changed by 
the modem to reflect the new rate after the retrain is completed. 

If the remote modem cannot operate at the new rate, then no rate change will take place 
during the retrain. In this case, the host must clear the RTRN bit. 


RTS 


08:0 





Request to Send. When control bit RTS is a 1 or the RTS Input is ON, the CTS bit is set to 
a 1 and the CTS output is turned ON. When the RTS bit is reset to and the RTS input is 
OFF, the CTS bit is reset to a and the CTS output is turned OFF. 


RXP 


01:0 





Received Parity bit. This bit is only valid when parity is enabled (PEN = 1), and word size 
is set for 8 bits per character (WDSZ = 1 1). In this case, the parity bit received (or ninth data 
bit) will be available at this location. The host must read this bit before reading the received 
data buffer (RBUFFER). 


S1DET 


0D:5 





81 Sequence Detected. Status bit SI DET is set to a 1 when the SI sequence is being 
detected. This bit is reset to a when the SI sequence is not being detected. 


SADET 


0D:2 





Scrambled Alternating Ones Sequence Detected. Status bit SADET is set to a 1 when 
the Scrambled Alternating Ones sequence is being detected. This bit is reset to a when 
the Scrambled Alternating Ones sequence is not being detected. Note: SADET is used to in- 
dicate the response of the remote modem to a V.22 bis rate change request or a remote 
digital loopback request. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


SCR1 


0D:4 





Scrambled Ones Sequence Detected. Status bit SCR1 is set to a 1 when Scrambled 
Ones is being detected during handshake. This bit is reset to when Scrambled Ones is not 
being detected. 


SDIS 


03:2 





Scrambler Disable. When control bit SDIS is a 1 , the transmitter scrambler is disabled; 
when SDIS is a 0, the scrambler is enabled. 


SPEED 


0E:0-2 





Speed Indication. The SPEED status bits indicate the data rate at the completion of a hand- 
shake: 

2 1 Data Rate (bps) 

300 
1 600 
1 1200 
1 1 2400 


SPLIT 


03:5 





Parallel Async Extended Overspeed TX/RX Split. When SPLIT is set to a 1 and EXOS is 

set, the transmitter will transmit at the basic overspeed while the receiver receives at the ex- 
tended overspeed rate. 


STB 


06:2 





Stop Bit Number. When control bit STB is a 0, one stop bit is selected in asynchronous 
mode; when a 1 , two stop bits are selected. 


SYNOD 


0F:1 





Sync Pattern Detected. When set to a 1 , status bit SYNOD indicates that SDLO/HDLO 
flags (7E pattern) are being detected. When reset to a 0, the 7E pattern is not being 
detected. 


SYNCMD 


03:6,7 





Synchronous Mode. Oonfiguration bits SYNOMD select the synchronous mode (ASYNO = 
0) from the following: 

7 6 Synchronous Mode 

Normal Sync 

1 SDLO/HDLO Sync 


TBUFFER 


10:0-7 


00 


Transmitter Data Buffer. The host conveys output data to the transmitter in the parallel 
mode 0"PDM = 1) by writing a data byte to the TBUFFER when the TDBE bit is a 1 . The 
data is transmitted bit first. 


TDBE 


1E:3 




Transmitter Data Buffer Empty. When set to a 1 , status bit TDBE signifies that the modem 
has read transmit data from register 1 (TBUFFER) and the host can write new data into 
register 1 0. This condition can also cause IRQ to be asserted. The host reading or writing 
register 1 resets the TDBE bit to 0. (See TDBIE and TDBIA.) 


TDBIA 


1E:7 





Transmitter Data Buffer Interrupt Active. When the transmitter data buffer empty interrupt 
is enabled (TDBIE is a 1) and register 1 is empty (TDBE is set to a 1), the modem asserts 
IRQ and sets status bit TDBIA to a 1 to indicate that TDBE being a 1 caused the interrupt. 
The host reading or writing register 1 resets the TDBIA bit to a and clears the interrupt re- 
quest due to TDBE. (See TDBIE and TDBE.) 


TDBIE 


1E:5 





Transmitter Data Buffer Interrupt Enable. When control bit TDBIE is a 1 (interrupt 
enabled), the modem will assert IRQ and set the TDBIA bit to a 1 when TDBE is set to 1 by 
the DSP. When TDBIE is a (interrupt disabled), TDBE has no effect on IRQ or TDBIA. 
(See TDBE and TDBIA.) 
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Table 11. interface Memory Bit Definitions (Cont'd) 



Mnemonic 



IVIemory 
Location 



Default 
Value 



Name/Description 



TLVL 



13:4-7 



TM 
TONEA 



TONEB 



TONEC 



TPDM 



TRFZ 



0F:2 
0B:7 



0B:6 



0B:5 



08:6 



08:3 



Transmit Level Attenuation Select. The TLVL control code selects the transmitter analog 
output level attenuation at the TXA pin as follows: 



7 6 5 4 



Transmit Level Attenuation 
(dB ±0.5 dB) 















dB 













1 dB 













2 dB 












3 dB 





1 








4 dB 





1 







5 dB 





1 







6 dB 





1 






7 dB 













8 dB 












9 dB 












10 dB 











11 dB 




1 








12 dB 




1 







13 dB 




1 







14 dB 




1 






15 dB 



The host can fine tune the transmit level to a value lying within a 1 dB step by changing a 
value in DSP RAM. 

Test Mode. When set to a 1 , status bit TM indicates that the selected test mode is active. 
When TM is reset to a 0, no test mode is active. 

Tone Filter A Energy Detected. When set to a 1 , status bit TONEA indicates that energy 
above the threshold is being detected by the Call Progress Monitor filter in the Dial Con- 
figuration (CONF = 81) or that 1300 Hz FSKtone energy is being detected by the Tone A 
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy 
is not being detected. The bandpass filter coefficients are host programmable In DSP RAM. 

Tone Filter B Energy Detected. When set to a 1 , status bit TONEB indicates that 390 Hz 
FSK tone energy is being detected by the Tone B bandpass filter in the Tone Detector con- 
figuration (CONF = 80). When reset to a 0, energy is not being detected. The bandpass filter 
coefficients are host programmable in DSP RAM. 

Tone Filter C Energy Detected. When set to a 1 , status bit TONEC indicates that either 
1 650 Hz (ORG = 1) or 980 Hz (ORG = 0) FSK tone energy is being detected by the Tone C 
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy 
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM. 

Transmitter Parallel Data Mode. When control bit TPDM is a 1 , the transmitter accepts 
parallel data from the host microprocessor interface via the TBUFFER register for transmis- 
sion rather than serial data from the TXD input pin. When TPDM is a 0, serial data from the 
TXD input pin is accepted for transmission rather than parallel data from TBUFFER. 

Timing Recovery Freeze. When control bit TRFZ is a 1 , the updating of the receiver's 
timing recovery algorithm is inhibited. When TRFZ is a 0, normal updating occurs. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


TXCLK 


13:0,1 





Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data 
clock: 

1 Transmit Clock 

Internal 

1 Not Used (Internal) 

1 External (XTCLK Input) 


1 1 Slave (RDCLK output) 








When the external clock is chosen, the host supplied clock must be connected to the 
XTCLK input pin. The external clock will then be reflected at the TDCLK output pin. 








When the slave clock is chosen, the transmitter clock output (TDCLK) is phase locked to 
the receiver clock output (RDCLK). 


TXP 


11:0 





Transmit Parity bit. This bit is only active when parity is enabled (PEN = 1), stuff parity is 
selected (PARSL = 00) and word size is set for 8 bits per character. The host must load the 
stuffed parity bit (or ninth data bit) in this location before loading the other 8 bits of data in 
TBUFFER. 


U1DET 


0D:3 





Unscrambled Ones Detected. When set to a 1 , status bit U1 DET indicates that V.22 bis 
Unscrambled Ones sequence has been detected. This bit is reset to a by the modem at 
the end of the Unscrambled Ones sequence. (V.22 bis) 


WDSZ 


06:0,1 





Data Word Size. The WDSZ control field sets the number of data bits per character in 
asynchronous mode as follows: 

1 Data Bits/Character 

5 
1 6 


XACC 


1D:7 





1 7 
1 1 8 

X RAM Access Enable. When control bit XACC is a 1 , the DSP accesses the X RAM as- 
sociated with the address in XADD and the XCR bit. XWT determines If a read or write is 
performed. The DSP resets XACC to a upon RAM access completion. 


XADD 


1C:0-7 


00 


X RAM Address. XADD contains the X RAM address used to access the DSP's X Data 
RAM (XCR = 0) or X Coefficient RAM (XCR = 1) via the X RAM Data LSB and MSB 
registers (addresses 18 and 19, respectively). (See Table 12.) 


XCR 


1D:0 





X Coefficient RAM Select. When control bit XCR is a 1 , XADD applies to the X Coefficient 
RAM. When XCR is a 0, XADD applies to the X Data RAM. This bit must be set according 
to the desired RAM address (Table 12). 


XDAL 


18:0-7 


00 


X RAM Data LSB. XDAL is the least significant byte of the 1 6-bit X RAM data word used in 
reading or writing X RAM locations in the DSP. 


XDAM 


19:0-7 


00 


X RAM Data MSB. XDAM is the most significant byte of the 1 6-bit X RAM data word used 
in reading or writing X RAM locations In the DSP. 


xwr 


1D:1 





X RAM Write. When XWT is a 1 and XACC is set to a 1 , the DSP copies data from the X 
RAM Data registers (18 and 19) into the X RAM location addressed by XADD and XCR. 
When control bit XWT is a and XACC is set to a 1 , DSP reads X RAM at the location ad- 
dressed by XADD and XCR and stores the data into the X RAM Data registers (1 8 and 1 9) 


YACC 


1B:7 





Y RAM Access Enable. When control bit YACC is a 1 , the DSP accesses the Y RAM as- 
sociated with the address in YADD and the YCR bit. YWT determines if a read or write is 
performed. The DSP resets YACC to a upon RAM access completion. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description (Cont'd) 


YADD 

YCR 

YDAL 
YDAM 
YWT 


1A:0-7 

1B:0 

16:0-7 
17:0-7 
1B:1 


00 



00 
00 



Y RAM Address. YADD contains the Y RAM address used to access the DSP's Y Data 
RAM (YCR = 0) or Y Coefficient RAM (YCR = 1) via the Y RAM Data LSB and MSB 
registers (adresses 16 and 17, respectively). (See Table 12.) 

Y Coefficient RAM Select. When control bit YCR is a 1 , YADD applies to the DSP's Y Coef- 
ficient RAM. When YCR is a 0, YADD applies to the Y Data RAM. This bit must be set ac- 
cording to the desired RAM address CTable 12). 

Y RAM Data LSB. YDAL is the least significant byte of the 1 6-bit Y RAM data word used in 
reading or writing Y RAM locations in the DSP. 

Y RAM Data MSB. YDAM is the most significant byte of the 1 6-bit Y RAM data word used 
In reading or writing Y RAM locations in the DSP. 

Y RAM Write. When YWT is a 1 and YACC is set to a 1 , the DSP copies data from the Y 
RAM Data registers (16 and 17) into the Y RAM location addressed by YADD and YCR. 
When control bit YWT is a and YACC is set to a 1 , the DSP reads Y RAM at the location 
addressed by YADD and YCR and stores the data into the Y RAM Data registers (16 and 
17). 
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DSP RAM ACCESS 

The DSP contains four sections of 16-bit wide random ac- 
cess memory (RAM). Because the DSP is optimized for 
performing complex arithmetic, the RAIVI is organized into 
real pc RAM) and imaginary (Y RAM) sections, as well as 
data and coefficient sections. The host processor can ac- 
cess (read or write) the X RAM only, the Y RAM only, or 
both the X RAM and the Y RAM simultaneously in either 
the data or coefficient section. 

INTERFACE MEMORY ACCESS TO DSP RAM 

The DSP interface memory acts as an intermediary during 
host to DSP RAM or DSP RAM to host data exchanges. 
The addresses stored in DSP interface memory RAM Ad- 
dress registers (I. e., XADD and YADD) by the host, in con- 
junction with the data or coefficient RAM bits (i. e., XCR 
and YCR) determine the DSP RAM addresses for data ac- 
cess. 

One or two 16-blt words are transferred between DSP 
RAM and DSP interface memory once each internal DSP 
cycle. The transmitter and the receiver sample rate func- 

Table12. DSP RAM Parameters 



tions operate at the 7200 Hz sample rate. The receiver 
baud rate function operates at the 600 Hz. 

Two RAM access bits (XACC and YAGG) in the DSP inter- 
face memory tell the DSP to access the X RAM and/or Y 
RAM. The DSP tests these bits each sample period. 

HOST PROGRAMMABLE DATA 

The parameters available in DSP RAM are listed in Table 
12 along with the X RAM or Y RAM address and cor- 
responding XGR or YGR bit value. 

HOST DSP READ AND WRITE PROCEDURES 

DSP RAM Write Procedure 

1 . Before writing to DSP interface memory, verify that 
XAGG and YAGG are reset to 0. 

2. Load the RAM address into XRAM address 
(XADD) and/or YRAM address (YADD). 

3. Write the desired data to the RAM data registers 
(XDAM, XDAL, YDAM, or YDAL). 

4. Set the coressponding coefficient RAM select bits 
(XGR, YGR) as necessary. 

Table 12. DSP RAM Parameters (Cont'd) 



B 





XCR/ 


XRAM 


YRAM 




No. 


yCR* 


Addr 


Addr 


Parameter 


1 


1 





_ 


1st Equalizer Tap, Real 


1 


1 


11 


- 




2 


1 


- 





1 St Equalizer Tap, Imaginary 


2 


1 


- 


11 


Last Equalizer Tap, Imaginary 


3 





16 


- 


Rotated Error, Real 


4 





- 


16 


Rotated Error, Imaginary 


5 





3F 


_ 


Max AGC Gain Word 


6 





71 


- 


Pulse Dial Interdigit Time 


7 





7C 


- 


Tone Dial Interdigit Time 


8 





72 


- 


Pulse Dial Relay Make Time 


9 





7D 


- 


Pulse Dial Relay Break Time 


10 





7E 


- 


DTMF Duration 


11 





6D 


- 


Tone 1 Angle Increment Per Sample 


12 





- 


60 


Tone 2 Angle Increment Per Sample 


13 





6F 


- 


Tone 1 Amplitude 


14 





- 


6F 


Tone 2 Amplitude 


15 





73 


- 


Max Samples Per Ring Frequency 
Period 


16 





74 


- 


Min Samples Per Ring Frequency 
Period 


17 




12 


- 


Real Part of Error 


18 




- 


12 


Imaginary Part of Error 


19 




- 


14 


Rotation Angle for Carrier Recovery 


20 




15 


- 


Rotated Equalizer Output, Real 


21 




- 


15 


Rotated Equalizer Output, Imaginary 


22 




16 


- 


Lower Part of Phase Error 


23 




- 


16 


Upper Part of Phase Error 


24 




3F 


- 


Upper Part of AGC Gain Word 


25 




- 


3F 


Lower Part of AGC Gain Word 


26 




IF 


- 


Average Power 


27 




2D 


- 


Phase Error 


28 




2F 


- 


Tone Power (ATBELL, BEL103 or 
TONEA 


29 




- 


2F 


Tone Detect Threshold (Call 
Progress Energy) 


30 




30 




Tone Power (ATV25 or TONEB) 



XCR/ 


XRAM 


YRAM 




No. YCR* 


Addr 


Addr 


Parameter 


31 




31 


_ 


Tone Power (TON EC) 


32 




36 


- 


Tone Detect Threshold (ATBELL, 
BEL103.orTONEA) 


33 




37 


- 


Tone Detect Threshold (ATV25 or 
TONEB) 


34 




38 


- 


Tone Detect Threshold (TONEC) 


35 




3B 


- 


Zero Crossing Counter 


36 




52 


- 


Eye Quality Monitor (EQM) 


37 




— 


31 


Filter 1 Coefficient aO 


38 




_ 


32 


Filter 1 Coefficient a1 


39 




- 


33 


Filter 1 Coefficient a2 


40 




- 


34 


Filter 1 Coefficient pi 


41 




- 


35 


Filter 1 Coefficient p2 


42 




- 


37 


Filter 2 Coefficient aO 


43 




_ 


38 


Filter 2 Coefficient a1 


44 




_ 


39 


Filter 2 Coefficient a2 


45 




- 


3A 


Filter 2 Coefficient pi 


46 




- 


3B 


Filter 2 Coefficient p2 


47 




- 


76 


Filter 3 Coefficient aO 


48 




- 


77 


Filter 3 Coefficient a1 


49 




- 


78 


Filter 3 Coefficient a2 


50 




- 


79 


Filter 3 Coefficient pi 


51 




- 


7A 


Filter 3 Coefficient p2 


52 




- 


45 


Filter 4 Coefficient aO 


53 




- 


46 


Filter 4 Coefficient a1 


54 




- 


47 


Filter 4 Coefficient a2 


55 




- 


48 


Filter 4 Coefficient pi 


56 




- 


49 


Filter 4 Coefficient p2 


57 




1C 


- 


Tum-on Threshold (PSK) 


58 




32 


- 


Tum-off Threshold (PSK) 


59 




- 


21 


RLSD Turn-off Time (PSK) 


60 





- 


1C 


Tum-on Threshold (FSK) 


61 





- 


ID 


Tum-off Threshold (FSK) 


*XCR If 


anXRAMaddres 


Sis listed; YCR if a YRAM 


address 


is listed. 
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5. Set the appropriate RAM write bits p<WT, YWT). 

6. Set the appropriate RAM access bits (XACC, 
YACC). 

7. After the DSP has transferred the contents of the in- 
terface memory RAM data registers into DSP 
RAM, the DSP resets the XACC and/or the YACC 
bit to a 0, then sets the NEWS bit to a 1 indicate 
DSP RAM write completion. 

8. If the NSiE bit is a 1 , IRQ is also asserted and 
NSIA is set to a 1 when NEWS is set to a 1 . NSIA 
Is cleared b y writ ing a into the NEWS bit, which 
also causes IRQ to return high if no other interrupt 
requests are pending. 

Note: Steps 4 and 5 can be accomplished simultaneously. 

DSP RAM Read Procedure 

1 . Before reading from DSP interface memory, verify 
that XACC and YACC are reset to a 0. 

2. Load the RAM address into X RAM Address 
(XADD) and/or Y RAM Address (YADD) 
register(s). 

3. Set the corresponding XCR and/or YCR blt(s) ap- 
propriately. 

4. Reset XWT and/or YWT to a 0, infomi the DSP that 
a RAM read will occur when XACC and/or YACC 

is set to a 1 . 

5. Set XACC and/or YACC to a 1 to signal the DSP to 
perform the RAM read. 

6. After the DSP has transferred the contents of RAM 
into the interface memory RAM data registers, the 
DSP resets the XACC and/or the YACC bit to a 0, 



then sets the NEWS bit to a 1 to indicate DSP 
RAM read completion. 

7. If the NSIE bit is a 1 , IRQ is also asserted and 
NSIA is set to a 1 when NEWS is set to a 1 . NSIA 
is cleared by writing a into the NEVyS bit, which 
also causes IRQ to return high if no other interrupt 
requests are pending. 

Note: Steps 3 and 4 can be accomplished simultaneously. 

SOFTWARE INTERFACE CONSIDERATIONS 
INTERRUPT REQUEST HANDLING 

DSP interface memory registers 00, 10, 1E, and 1F have 
unique hardware connections to the interrupt logic. 
Register 00 is the Receive Buffer (RBUFFER) and register 
10 is the Transmit Buffer (TBUFFER). Registers IE and 
1 F hold interrupt flag, interrupt enable, and interrupt active 
bits. 

When a condition occurs that satisfies an inten'upt criteria, 
the corresponding interrupt flag bit is set. This interrupt flag 
can be reported to the host eithe r by t he host polling the 
interrupt f lag b its (i.e., not using IRQ) or by being inter- 
rupted by IRQ. When an interrupt enable bit and the cor- 
responding interrupt flag are both set to a 1, IRQ is 
asserted and the corresponding interrupt active bit set to 
a1. 

The interrupt flag setting conditions are status changed 
detected, configuration changed acknowledged, receive 
buffer full and transmit buffer empty. Table 13 identifies 
the interrupt conditions and bits, and describes the inter- 
rupt clearing procedures. 



Table 13. Interrupt Request Bits 



Interrupt 
Active Bit 


Interrupt 
Enable Bit 


Interrupt 
Flag Bit 


Interrupt Condition Description 




NSIA 


NSIE 


NEWS 


New status detected (NEWS transitioned from a to 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register DA, OB, OE, or OF 


Host writes a into NEWS 
(Clears NSIA to a 0) 


NCIA 


NCIE 


NEWC 


New configuration acknowledged by DSP 
(NEWC transitioned from a 1 to a 0) 


Host writes a into NCIE 
(Clears NCIA to a 0) 


TDBIA 


TDBIE 


TDBE 


Transmitter Data Buffer is empty and can be written 
(TDBE transitioned from a to a 1) 


Host reads from or writes to 
register 10 (TBUFFER) 
(Clears TDBE and TDBIA to 0) 


RDBIA 


RDBIE 


RDBF 


Receiver Data Buffer is full and can be read 
(RDBF transitioned from a to a 1) 


Host reads from or 
register 00 (RBUFFER) 
(Clears RDBF and RDBIA to 0) 
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DIAL PROCEDURE 

The host dial procedure is the same as outputting data to 
be transmitted using TBUFFER (Figure 8). The modem 
timing accounts for the DTMF tone duration and 
amplitude, pulse make/break ratio, and interdigit delay. 
These dialing parameters are host programmable in DSP 
RAM. 

The level of the high DTMF tone is 2 dB greater than the 
level of the low DTMF tone. 

The dialer default parameters are given in Table 14. 



Table 14. Dial Default Parameters 



Parameter 


Default Value 


DTMF Tone Duration 


70 ms 


DTMF Interdigit Delay 


70 ms 


DTMF Total Output Power Level 


OdBm 


DTMF Low Band Power Level 


-4dBm 


DTMF High Band Power Level 


-2dBm 


Pulse Relay Make Time 


40 ms 


Pulse Relay Break Time 


60 ms 


Pulse Interdigit Delay 


750 ms 



r START ^ 



1-> RA (7;1) 



ACTIVATE OHRELAY 



1 --> ORG (9:4) 



81 -.>CONF (12:0-7) 



1 -> NEWC (1 F:C 



CHECK DIAL TONE 
OR DELAY 5 SEC 



TDBE(1E:03) = 1? 



Y 




1 (TONES) -> DTMF (9:5) 
(PULSES) -> DTMF (9:5) 






WRITE DIGIT IN 
TBUFFER (10) 







LAST DIGIT? 



TDBE(1E:03) = 1? 




REQUIRED CONFIGURATION 
-->CONF (12:0-7) 
1->NEWC(1F:0) 



c 



END 



3 



Figure 8. Dial Sequence 
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DESIGN CONSIDERATIONS 
REQUIRED MODEM INTERFACE CIRCUIT 

The RC2424DP/DS is supplied as two VLSI devices to be 
designed into original equipment manufacturer (OEM) 
circuit boards. The recommended modem interface circuit 
(Figure 9) and parts list (Table 15) illustrate the 
connections and components required to connect the 
modem to the OEM electronics. 

DAA INTERFACE 

The following discussion of the interface to the integrated 
analog device is presented to enable designers to modify 
the design of the recommended line interface circuit. Also, 
the designer may wish to incorporate an existing line 
Interface design with the modem device set. 

Receive Input 

Receive In (REG IN) and Receive Out (REG OUT) are pins 
associated with an integrated uncommitted operational 
amplifier inside the lA device. In conjunction with the three 
discrete components shown (R13, R14 and G11), the 
amplifier forms a first order lowpass antialiasing filter. This 
filter's function is to attenuate high frequency noise near 
and above the effective sampling rate of the integrated 
bandsplit filters (230.4 KHz). 

The design of the modem requires that the pole of the 
anti-aliasing filter be fixed at 2337 Hz. This Is calculated 
using the formula 

Filter Pole (Hz) = 1/(23t • R14 • G11) 
The recommended values of 68. 1 KQ for R1 4 and 1 000 pF 
for G1 1 give the correct value for the filter pole. Some 



flexibility in choosing the component values for R14 and 
G1 1 is permissible provided that the pole of the filter is 
maintained within approximately ±5% of the con-ect value. 
When calculating the pole of the filter, component 
tolerances should be carefully considered. 

Transmit Output 

An external discrete smoothing filter must be added to the 
Transmit Output (TRAN OUT) signal to attenuate the high 
frequency aliases generated by the Integrated switched 
capacitor filters. This is necessary to meet FGG 
requirements on transmitted high frequency energy. The 
pole of this filter may be calculated using the same formula 
as for the receiver filter, i.e., 

Filter Pole (Hz) = 1/(23t • R16 • G12) 

The components values of R1 6 = 68.1 KQ and G1 2 = 1 000 
pF place the pole at 2337 Hz. This may seem unusual as 
the response of a smoothing filter is generally designed to 
be flat in the band of interest, and then rolling off before the 
sampling rate. The bandsplit filter inside the I A is 
pre-dlstorted so that when cascaded with an external 
continuous first order smoothing filter, the response 
across the band is flat. 

Some flexibility in choosing the values for R16 and G12 is 
permissible, provided some guidelines are followed. The 
choice of R16 and 01 2 must position the filter pole within 
±5% of 2337 Hz. 

The TRAN OUT integrated driver can drive a resistive load 
as low as 10 KQ . This drive capability is desirable for the 
FCC Part 68 defined "programmable" mode. 
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NOTE: UNLESS OTHERWISE SPECIFIED 

1 RESISTOR VALUES ARE IN OHMS, i 1%, 1/8W 
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Table 15. Recommended Modem Interface Circuit 



Qty 


Part Number 


Description 




U1 


Rockwell R02424DP/DS DSP 




U2 


Rockwell R02424DP/DS lA 




U3 


TOM3105 FSK Modulator/ 
Demodulator 




U4 


1458 Dual Op 




U5 


SN74LS04 Hex Inverter 




Y1 


24.00014 MHz Crystal 




Y2 


4.4336 MHz Crystal 


10 


01,04,06,07,09, 
010,013,015,016, 
023 


0.10 jaF, 20%, 50V 




02 


39 pF, 5%, 50V 




03 


18 pF, 5%, 50V 




05 


lOjiF, 5%,50V 


2 


011,012 


lOOOpF, 5%, 50V 


2 


020, 021 


15 pF, 5%, 50V 




R1 


34.8KQ, 1%. 1/8W 




R2 


66.5KQ, 1%, 1/8W 




R5 


40.2KQ, 1%, 1/8W 




R6 


57.6KQ, 1%, 1/8W 




R7 


1 Q, 5%, 1/4W 




R9 


110KQ, 1%, 1/8W 




RIO 


2.7MQ, 5%, 1/8W 




R11 


3KQ, 5%, 1/8W 




R12 


47KQ,5%, 1/8W 




R13 


23.7KQ, 1%, 1/8W 


3 


R14, R16,R18 


68.1KQ, 1%, 1/8W 




R15 


42.2KQ, 1%, 1/8W 




R19 


34.0KQ, 1%, 1/8W 




0R1 


Schottky Diode, LL103B 



PC BOARD LAYOUT GUIDELINES 

The following guidelines should be adhered to when laying 
out a printed circuit board for the RC2424DP/DS devices. 
The pin numbers reflect the DSP 64-pin QUIP and the I A 
40-pin DIP packages. 

1 . The DSP, lA and ail supporting analog circuitry, in- 
cluding the data access arrangement should be 
located on the same area of printed circuit board. 

2. The DSP device grounds should be routed 
separately from the lA device. 

3. The DSP should be located on the pin 1 side of the 
lA device. 

4. I A digital signals (pins 3, 4, 5, 8, 10, 12, 23, 28, 29, 
and 31) should be routed directly to the DSP, 
avoiding all analog components. 

5. Routing of the RC2424DP/DS signals should 
provide maximum isolation between noise sour- 
ces and noise senitive inputs. When layout re- 
quirements necessitate routing these signals 
together, they should be separated by neutral 
signals. The DSP and lA noise source, neutral, 
and noise sensitive pins are listed in Table 1 6. 

6. A 1 .OQ/1 fxF RC network is needed to decouple 
the +5V supply. This must be done at the I A 
device to isolate it from the DSP device. 

7 As a general rule, digital signals should be routed 
on the component side of the PCB while the 
analog signals are routed on the solder side. 
The sides may be reversed to match a particular 
OEM requirement. 

8. All power traces should be at least a 0.1 inch width. 

9. The analog components should be located on the 
pin 40 side of the 40-pin lA device. 

1 0. The I A AGND pins (1 , 6, 21 , 24, 32, and 38) and 
the DGND pins (7 and 25) should be tied 
together as ground directly under the device. 

11. A 0.1 |xF ceramic capacitor is used to decouple 
the -5V supply. This should be done in the im- 
mediate proximity of the lA device. 

12. All circuitry connected to crystal pins 44 and 45 on 
the DSP device should be kept short to prevent 
stray capacitance from affecting the oscillator. 
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Table 16. RC2424DP/DS Pin Noise Ciiaracteristics 



Device 


Function 


Noise Source 


Neutrai 


Noise Sensitive 


DSP 


+5V 




49, 




64-Pin QUIP 


DGND 
Crystal 
Control 




17,54 

9, 38, 43, 52 


44,45 




Eye Pattern 


4,41 


39-40 






V.23 Interface 


11-13 


14 






Host Bus Interface 




18-34 






Serial Interface 


5-7, 53, 56-58 


8,10,36-37.55 






lA Interface 


1-2,50-51,59,61-64 








No Connection 




3,15-16,35,42,46-48,60 




DSP 


+5V 




35 




68-Pln PLCC 


DGND 
Crystal 
Control 




1,15,19,40,51,54 
24, 29, 38, 61 


30-31 




Eye Pattern 


27,56 


25-26 






V.23 Interface 


63,65 


66 






Host Bus Interface 




2-14,16-18,20. 






Serial Interface 


39, 42-44, 57-59 


22-23,41,60,62 






lA Interface 


36-37, 45, 47-50, 52-53 








No Connection 




21,28,32-34,46,55,67-68 




lA 


+5VA 




30,39 




40-Pin DIP 


-5VA 

DGND 

AGND 

Control 

Analog 




9,18 
7,17,25 

1,6,21, 24, 32, 38 
10, 14-15 


2,19-20,22,26-27,33-37 




DSP Interface 


3-5, 8, 23, 28-29, 31 


12 






No Connection 




11, 13,16,40 




lA 


+5VA 




33,43 




44-Pin PLCC 


-5VA 

DGND 

AGND 

Control 

Analog 




11,20 

9,19,27 

2, 8, 23, 26, 35, 42 

12,16-17 


3,21-22,24,29-30,36-38, 
40-41 




DSP Interface 


4-5,7,10,25,31-32,34 


14 






No Connection 




1,6,13,15,18,28,39,44 
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GENERAL SPECIFICATIONS 



Table 17. Modem Power Requirements 



Voltage 


Tolerance 


Current (Typical) 
@25X 


Current (Maximum) 
@0X 


+ 5VDC 
-5VDC 


±5% 
±5% 


85 mA 
20 mA 


130mA 
40 mA 


Note: Input voltage ripple ^1 volts peak-to-peak. 



Table 18. Modem Environmental Specifications 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 

Altitude 


0''Cto + 60X(32'Fto140'*F) 

- 40*0 to + 80''C HO^'F to 1 76T) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to SS^'C, whichever is less. 

-200 feet to +10,000 feet 



Table 19. Crystal Specifications 



Parameter 


Value 


Operating Temperature 


0°Cto60°C 


Storage Temperature 


-55''Cto85'C 


Nominal Frequency @ 25°C 


24.00014 MHz 


Frequency Tolerance @ 25'C 


±0.001 5% (±15 PPM) 


Temperature Stability @ Ta = O'C to 60°C 


±0.003% (±15 PPM) 


Calibration Mode 


Parallel resonant 


Shunt Capacitance 


7 pF max. 


Load Capacitance 


18±0.2pF 


Drive Level 


2.5 mW max., Test at 20 nanowatts 


Aging, per Year Max. 


0.0005% (5PPM) 


Oscillation Mode 


Fundamental 


Series Resistance 


25 ohms max. 


Max. Frequency Variation with 16.5 or 19.5 pF Load Capacitance 


+0.0035% (+35 PPM) 


Third Lead 


Required 


Sleeving 


Required 
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PACKAGE DIMENSIONS 



uuuuuuuuuuuuuuuuu ' 

TOP VIEW 




CHAM. J X 45 DEG. - 





SEATING 
PLANE 



SIDE VIEW 



■ - 

Dl - 

■ D3- 



EXT 



DIM. 


MILLIMETERS 


INCHES 


M!N. MAX. 


MIN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


25.02 25.27 


0.985 0.995 


D1 


24.00 24.26 


0.945 0.955 


D2 


20.19 20.45 


0.795 0.805 


D3 


23.24 23.50 


0.915 0.925 


e 


1.27 BSC 


0.050 BSC 


h 


0.254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


a 


45' TYP 


45* TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


0.254 TYP 


0.010 TYP 



CHAM, 
h X 45 DEG 
3 PLCS 


EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY [TYP.) 




BOTTOM 


VIEW 



TYP. FOR EACH AXIS 
[EXCEPT FOR BEVELED 

SECTION A-A 






EDGE) 



eS-P'm PLCC 



INDEX 
CORNER 



-D - 
-Dl- 
■D2 ■ 



■nnnnnnnnnnn 



UUUUUUUUUUU 



28/ 




TOP VIEW 



CHAM. J X 45 DEG. • 



SIDE VIEW 




■ D - 

■ Dl- 
-03- 



a 



x~ 



E 



Rl 



_L 



T 



EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY [TYP.] 



BOTTOM VIEW 



TYP. FOR EACH AXIS 
(EXCEPT FOR BEVELED EDGE] 



SECTION A-A 



"^^:r-T 



DIM. 


MILOMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


17.45 17.60 


0.687 0.693 


01 


16.46 16.56 


0.648 0.652 


D2 


12.62 12.78 


0.497 0.503 


03 


15.75 REF 


0.620 REF 


e 


1.27 BSC 


0.050 BSC 


h 


0.254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


o 


45* TYP 


45* TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


0.254 TYP 


0.010 TYP 



444>ln PLCC 
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PACKAGE DIMENSIONS 



lnfl.inlJJnllnllnlnlninnnnniJ 



) 



1 



TITiTITITiTITilil 

» 1 



i 

c 
T 



J*" 



•E2- 



^ 



_1_ un 






DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MiN. MAX. 


A 


41.10 41.61 


1.618 1.638 


B 


17.02 17.23 


0.670 0.690 


C 


3.56 4.58 


0.140 0.180 


D 


0.48 0.56 


0.018 0.022 


El 


19.05 BSC 


0.750 BSC 


E2 


23.50 BSC 


0.925 BSC 


Q 


1.27 BSC 


0.050 BSC 


J 


0.18 0.33 


0.007 0.013 


K1 


2.92 3.18 


0.115 0.125 


K2 


4.83 5.34 


0.190 0.210 



64-Pin Plastic QUIP 



r»rirtnr-»rtrtr«rtrtr,r,«-.rtr,ni-.nr.i-. 




40 21 


1 1 




B 


O 

1 20 


1 ' 


uuuuuuuuuuuuuuuuuuuu 









rM 



i_ 



h|^ -•^gI*- -^|*f -^|*-d 



If Ik f 7*1- 



DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


51.82 52.32 


2.040 2.060 


B 


13.46 13.97 


0.530 0.550 


C 


3.56 5.08 


0.140 0.200 


D 


0.38 0.53 


0.015 0.021 


F 


1.02 1.52 


0.040 0.060 


Q 


2.54 BSC 


0.100 BSC 


H 


1.65 2.16 


0.065 0.085 


J 


0.20 0.30 


0.008 0.012 


K 


3.05 3.56 


0.120 0.140 


L 


15.24 BSC 


0.600 BSC 


M 


r 10- 


r 10- 


N 


0.51 1.02 


0.020 0.040 



40-Pin Plastic DIP 
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INTRODUCTION 

The Rockwell RC2324DP/DS is a 2400 bps, full-duplex, 
OEM, data pump modem device set. The RC2324DP/DS 
operates over the public switched telephone network 
(PSTN), as well as on point-to-point leased lines. 

The set consists of two CMOS VLSI components— a digi- 
tal signal processor (DSP) device and an integrated 
analog (lA) device. The DSP is available in a 64-pin quad 
in-line package (QUIP) or a 68-pin plastic leaded chip car- 
rier (PLCC) package. The lA device is available in a 40-pin 
dual in-line package (DIP) or a 44-pin PLCC package. 

The RC2324DP/DS modem meets the requirements 
specified in CCITT V.22 bis, V.22 A/B, and V.21 , as well 
as Bell 212A and Bell 103. 

in addition, the SDLC/HDLC support eliminates the cost of 
an external serial input/output (SIO) device in products in- 
corporating en-or correction protocols. 



FEATURES 

• CMOS DSP and lA devices 

• 2-wire full-duplex operation 

• Compatible configurations: 

-CCITT V.22 bis, V.22A/B 
-CCITT V.21 and V.23 
-Bell 212A and 103 

• Receive dynamic range: -9 dBm to -43 dBm 

• Maximum transmit level: 0.0 dBm ±1 .0 dB, 
programmable in 1 dB steps 

• Multi-modem detection support 

-Programmable tone detect bandpass filters 
-Zero-crossing detector 

• V.22 bis fallback/fall-forward - 2400/1200 bps 

• Serial data both synchronous and asynchronous 

-Synchronous: 
2400, 1200, 600 bps ±0.01% (PSK modulation) 
Internal/external/slave clock selection 

-Asynchronous: 
7, 8, 9, 10, or 1 1 bits per character 
2400, 1200, 600 bps +1% (or 2.3%), -2.5% 
(PSK modulation) 
0-75, 0-300, 0-1200 bps (FSK modulation) 

• Parallel data both synchronous and asynchronous 

-Synchronous: 

Normal sync: 8-bit data for transmit and receive 
-SDLC/HDLC support: 

Transmitter: Flag generation, bit stuffing, 

CCITT CRC generation 

Receiver: Flag detection, bit un-stuffing, 

CCITT CRC checking 
—Asynchronous: 

5, 6, 7, or 8 data bits per character 

Odd/even parity generation/checking 

(or 9^ data bit) 

2400, 1200, 600 bps +1% or (2.3%), -2.5% 

(PSK modulation) 

75, 300, 1200 bps (FSK modulation) 
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• Programmable ring detect 

-Min and max frequency range 

• Programmable dialer 

—Make/break times for pulse dialling 
— DTMF on time for touch-tone dialling 
— interdigit times for both pulse and tone dialling 
~DTMF Level: 0.0 dBm ± 1 .0 dB (high tone level is 
2.0 dB ± 0.5 dB above low tone level) 

• Diagnostics 

-Read/write RAM 
-Serial eye pattern output 
-EQM value in RAM 

• Host bus interface memory for configuration, control, 
and parallel data; compatible with either 8086 or 6502 
microprocessor bus 

• RS-232C (TTL compatible) interface for RTS control 
and serial data 

• Adaptive and fixed compromise equalization 

• Test Configurations: 

-Local analog loopback 
-Local digital loopback 
-Remote digital loopback 

• Answer and originate handshake 

• Leased line operation 



• Power requirements: 

-± 5 Vdc ± 5% 
-500 mW typical 

R2424/RC2424 COM PATIBILITY 

A high performance modem engine, the RC2324DP/DS Is 
the functional and performance equivalent of Rockwell's 
R2424DS modem with the following enhancements: 

-2-device implementation in CMOS 
-V.21 and V.23 interface 
-Asynchronous/synchronous parallel data transfer 

over the microprocessor bus interface 
—Extended 2.3% overspeed in asynchronous, 

DPSK/QAM modes 
-SDLC/HDLC framing in parallel data mode 
-Additional configuration and control capabilities 

These options and enhancements, combined with a user 
accessible, dual port interface memory (RAM ) in the DSP, 
offer maximum flexibility in customizing the 
RC2324DP/DS to meet a wide variety of functional re- 
quirements. 

The RC2324DP/DS is a plug-compatible replacement for 
the RC2424DP/DS. 

The RC2324DP/DS device set, with the addition of a few 
external filter components, interfaces easily to a data ac- 
cess arrangement (DAA). The RC2324DP/DS general in- 
terface is illustrated in Figure 1 . 





RC23240P/OS DEVICE SET 
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Figure 1. RC2324DP/DS General Interfaces 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES, AND DATA 
RATES 

The selectable modem configurations, along with the cor- 
responding signaling (baud) rates and data rates, are 
listed in Table 1 . The modem configuration is established 
by the CONF bits. 

Note: Bit names refer to control bits in DSP Interface 
Memory which are set or reset by the host processor (see 
Software Interface Section, Figure 7 and Table 11). 

TONE GENERATION 

Answer Tone: A CCITT (2100 ± 15 Hz) or Bell (2225 ± 
10 Hz) answer tone is generated depending on the 
selected configuration. 

Guard Tone: A guard tone of 1 800 ± 20 Hz (GTS bit = 0) 
or 550 ± 20 Hz (GTS bit = 1) can be generated (enabled 
by the GTE bit). The level of transmitted power is 6 ± 1 dB 
or 3 ± 1 dB below the level of the data power in the main 
channel for the 1800 Hz or 550 Hz guard tone, respective- 
ly. The total power transmitted to the line is the same 
whether or not a guard tone is enabled. When a guard tone 
is generated, the main channel transmit path gain is 
reduced by 0.97 dB or 1 .76 dB for the 1 800 Hz or 550 Hz 
guard tone, respectively. 



Guard tone on/off must be controlled by the host depend- 
ing on the state of the handshake sequence, i.e., the host 
should enable guard tone when DSR is turned on. 

DTMF Tones: When Dial/Call Progress configuration is 
selected (CONF bits = 81) and the DTMF bit is set to a 1 , 
dual tone multi-frequency (DTMF) tones can be 
generated. The specific DTMF tone generated is specified 
by the host loading the Transmitter Data Buffer (TBUF- 
FER) with the appropriate digit code shown in Table 2. 

User Defined Tones: When Tone Generator/Tone Detec- 
tor configuration is selected (CONF bits = 80), a user- 
defined single or dual tone can be generated. In this mode, 
the transmitter immediately begins sending the frequen- 
cies specified in DSP RAM. The tones will remain on as 
long as Tone Generator/Tone Detector configuration is 
selected and the tone amplitudes are greater than zero. 
Setting one of the two amplitudes to zero selects single 
tone frequency. 

Note: Frequencies from to 1675 Hz can be sent when 
the ORG bit is set, or frequencies from 1 925 Hz to 2875 
Hz can be sent when the ORG bit is cleared. 1 800 Hz fre- 
quency can be sent by setting the GTE bit with GTS = 
and ORG = 0. 




Table 1. Configurations, Signaling Rates and Data Rates 



Configuration 


Modulation^ 


Transmitter Carrier 
Frequency (Hz) ±0.01% 


Data Rate 
(bps) 

±0.01% 


Baud 
(Symbols/Sec.) 


Bits Per 
Symbol 


Constellation 
Points 


Answer^ 


Originate^ 


V.22 bis 


QAM 


2400 


1200 


2400^ 


600 


4 


16 


V.22A/B 


DPSK 


2400 


1200 


1200^ 


600 


2 


4 






2400 


1200 


600^ 


600 




2 


Bell 21 2A 


DPSK 


2400 


1200 


1200^ 


600 


2 


4 


Bell 103 


FSK 


2225 M 
2025 S 


1270M 
1070S 


300"* 


300"* 




1 


V.21 


FSK 


1650M 
1850S 


980 M 
1180S 


300^ 


300^ 




1 


V.23 Forward Channel 


FSK 


1300 M 
2100 8 


1300M 
2100 S 


1200"* 


1200^ 




1 


V.23 Backward Channel 


FSK 


390 M 
450 S 


390 M 
450 S 


75^ 


75^ 


1 . 


1 


Notes: 1. Modulation legend: QAM Quadrature Amplitude Modulation 
DPSK Differential Phase Shift Keying 
FSK Frequency Shift Keying 








2. M indicates a mark condition; S indicates a space condition. 








3. Synchronous accuracy = ±0.01 %; asynchronous accuracy = -2.5% to 


+1 .0% (+2.3% if exter 


ded overspeed is s( 


elected). 


4. Value is upper limit for serial (e.g., 0-300). 
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TONE DETECTION 

Answer Tone and Call Progress Tones: When Dial/Call 
Progress configuration is selected (CONF bits = 81), tones 
can be detected as follows: 

Call progress frequency range: 340 ± 5 Hz to 640 ± 5 Hz 
Status Bit: TONEA 

Answer tones (21 00 ± 1 5 Hz or 2225 ± 1 Hz) or Bell FSK 
originate tone (1270 ± 10 Hz) 
Detection levehO dBm to -43 dBm 
Default detection level: -43 dBm 
Response time: 25 ± 2 ms 

Status Bits: ATV25, ATBELL (0RG=1), BEL103 
(ORG=0) 

Tones are detected as energy above a certain threshold 
within a digital bandpass filter. The pass band of the dual 
bi-quad infinite impulse response (MR) filter (Call 
Progress) or the single bi-quad IIR filter (answer tone or 
Bell FSK originate) can be changed by writing new coeffi- 
cients to DSP RAM. The tone detect threshold can also be 
changed in DSP RAM. 

V.23 and V.21 Tones: When Tone Generator/Tone 
Detector configuration is selected (CONF bits = 80), tones 
can be detected as follows: 

V.23 forward channel mark: 1300 ± 10 Hz 

Status Bit: TONEA 

V.23 backward channel mark: 390 ± 10 Hz 

Status Bit: TONEB 

V.21 high band mark (1650 ± 10 Hz) or low band mark 
)±10Hz) 

Table 2. Dial Digits/Tone Pairs 



Hex 


Dial 


Tone Pair 


Code 


Digit 


(Hz) (Hz) 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


* 


941 1209 


08 


Spare (B) 


697 1633 


OC 


Spare (C) 


770 1633 


OD 


Spare (D) 


852 1633 


OE 


# 


941 1477 


OF 


Spare (F) 


941 1633 


10 


1300 Hz Calling Tone 



Status Bit: TONEC 
Detection level: dBm to -43 dBm 
Default detection level: -43 dBm 
Response time: 25 ± 2 ms 

Tones are detected as energy above the threshold within 
a digital bandpass filter. These filters are single bi-quad IIR 
filters*. The pass bands can be changed by writing new 
coefficients to DSP RAM. The tone detect threshold can 
also be changed in the DSP RAM. 

*Except the filter represented by TONEA in Dial/Call 
Progress configuration, which is a dual biquad IIR filter. 

Zero Crossing Detector: A zero crossing detector is al- 
ways available. The detector can measure tone frequen- 
cies between 100 Hz and 3000 Hz. The zero crossing 
counter increments for both positive and negative zero 
crossings. 

DATA ENCODING 

The data encoding conforms to CCITT Recommendations 
V.22 bis, V.22A/B, V.23, or V.21 , or to Bell 21 2A or 103, 
depending on the selected configuration. 

EQUALIZERS 

Equalization functions are incorporated that improve per- 
formance when operating over low quality lines. 

Automatic Adaptive Equalizer. A 17-tap automatic 
adaptive equalizer is provided in the receiver circuit for 
V.22 bis, V.22 and Bell 21 2A configurations. Updating of 
the taps can be enabled or disabled (EQFZ). The equalizer 
taps can also be reset (EQRES). 

Fixed Compromise Equalizer. A fixed compromise 
equalizer is provided in the transmitter. The equalizer can 
be enabled or disabled (CEO bit). 

TRANSMITTED DATA SPECTRUM 

After making allowance for the nominal specified com- 
promise equalizer characteristic, the transmitted line sig- 
nal has a frequency spectrum shaped by a square root of 
a 75 percent raised cosine filter. Similarly, the group delay 
of the transmitter output is within ± 1 50 microseconds over 



Table 3. RTS - CTS Response Time 







Constant 


Controlled 


CTS Transition 


Configuration 


Carrier 


Carrier 


OFF to ON 


v.22 bis 


^ms 


270 ms 




v.22 


s2ms 


270 ms 




Bell 21 2A 


s2ms 


270 ms 




V.21 


2-5 ms 


2-5 ms 




Bell 103 


2.5 ms 


2-5 ms 




V.23 


5-20 ms 


5-20 ms 


ON to OFF 


All 


s2ms 


s2ms 


Note: The CTS OFF to ON response time is host f 


>rogrammable 


in DSP RAM for some configurations. 
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the frequency range 900 Hz to 1500 Hz (low channel) and 
2100 Hz to 2700 Hz (high channel). 

TRANSMIT LEVEL 

The default transmitter output level is -6.0 dBm ±1.0 dB. 
The output level can be selected from dBm to -1 5 dBm 
in 1 dB steps (TLVL bits). 

TRANSMIT TIMING 

Transmitter timing is selectable between internal 
(±0.01%), external , or loopback (TXCLK bits). When ex- 
ternal clock is selected, the external clock rate must equal 
the desired data rate ±0.01 % with a duty cycle of 50 ± 20%. 

SCRAMBLER/DESCRAMBLER 

A self-synchronizing scrambler/descrambler satisfying the 
applicable CCITT recommendation or Bell specification is 
incorporated. The scrambler and descrambler can be 
enabled or disabled (SDIS and DDIS bits, respectively) 

RECEIVE LEVEL 

The receiver satisfies performance requirements for 
received line signals from -9 dBm to -43 dBm. The 
received line signal is measured at the Receiver Analog 
(RXA) input. 

RECEIVER TIMING 

A ± 0.01% frequency error in the associated transmit 
timing source can be tracked. 

CARRIER RECOVERY 

A ± 7 Hz frequency offset in the received carrier can be 
tracked with less than a 0.2 dB degradation in bit error rate 
(BER). 

CLAMPING 

Received Data (RXD) is clamped to a co nstant mark 
whenever the Received Line Signal Detector (RLSD) out- 
put Is off. 



RTS - CTS RESPONSE TIME 

The response times of CTS relative to a corresponding 
transition of RTS are listed in Table 3. The response time 
depends on the receiver operating in either constant car- 
rier or controlled carrier mode (CO bit). 

ASYNC/SYNC, SYNC/ASYNC CONVERSION 

An asynchronous-to-synchronous converter is provided in 
the transmitter, and a synchronous-to-asynchronous con- 
verter is provided in the receiver. Asynchronous or 
synchronous mode is selected by the ASYNC bit. The 
asynchronous character format is 1 start bit, 5 to 8 data 
bits (WDSZ bits), an optional parity bit (PARSL and PEN 
bits), and 1 or 2 stop bits (STB bit). Valid character sizes, 
including all bits, are 7, 8, 9, 10 or 1 1 bits per character. 

When the transmitter's converter is operating at the basic 
signaling rate, no more than one stop bit will be deleted per 
8 consecutive characters. When operating at the extended 
rate, no more than one stop bit will be deleted per 4 con- 
secutive characters. 

Two ranges of signaling rates are provided (selectable by 
the EXOS bit): 

Basic range: +1% to -2.5% 

Extended overspeed range: +2.3% to -2.5% 

Break is handled in the transmitter and receiver as 
described in V.22 bis. If the RC2324DP/DS transmitter 
detects M to 2M + 3 bits of "start" polarity from the DTE, 
where M is the number of bits per character, the 
RC2324DP/DS will transmit 2M + 3 bits of start polarity. If 
the modem detects more then 2M +3 bits of start polarity, 
it will transmit all these bits as start polarity. 

The RC2324DP/DS receiver will output the 2M + 3 or more 
bits of start polarity on RXD and will set the BRKD bit. 
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PIN ASSIGNMENTS 

The RC2324DP/DS pjn assignments are shown in 
Figute 2. The pin assigments are listed by pin number in 
Tables 4 and 5 for the DSP and lA devices, respectively. 





AGNDCZ 


1 • 


40 ZDH.C. 


MI14 nz 




39 


ZD +5VA 


Mieizz 




38 ID AGND 


MISCZ 




37 ZDMI15 


MITCH 




36 IDMI12 


AGND nZ 




35 


Z3 REC OUT 


DGND d 




34 ZDRECIN 


MIS CZ 




33 m BIAS 


-5VAIZI 




32 HI AGND 


RESET TC nZ 


10 


31 HI MM 


PORUZ 


11 


30 


ZD +5VA 


T7DRCCZ 


12 


29 ZDMI2 


N.C. m 


13 


28 ZDMI3 


TLKRELAY \ZZ 


14 


27 


ZD TRAN OUT 


OHRELAY nZ 


15 


26 


II)N.C. 


N.C nz 


16 


25 


ZDDGND 


DGND nz 


17 


24 


ID AGND 


-5VA nz 


18 


23 


ZDMI4 


MI10CZ 


19 


22 


ZDMI13 


Mill nz 


20 


21 


IZ AGND 



WRIIE 

__£S 

READ 

RS4 

DGND 

RS3 

RS2 

RSI 

DGND 

RSO 

tSY 

DSB 

Ri 

EN86 

EYEY 

EYEX 



C 10 

C 11 

c 12 

C 13 

C 14 

C 15 

C 16 

C 17 

C 18 

C 19 

c 20 

C 21 

C 22 

c 23 

C 24 

C 25 

C 26 



64-PiN QUIP (DSP) 



SoooooooqzzzzzzIcIh 

nnnnnnnnnnnnnnnnn 



a. QUIP/DIP Set 



40-PiN DIP (lA) 
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60 


=1 RLSD 


59 


D RXD 


58 




57 


n RD ^K 


56 




55 


:3 N.C. 


54 


D DGND 


53 


D MI8 


52 


=] Mil 


51 


D DGND 


SO 


n MI6 


49 


Z] MIS 


48 


D MI4 


47 


3 MI3 


46 


D N.C. 


45 


■=} MI2 


44 


D TDCLK 



MI7 C 


7 


AGND C 


8 


DGND C 


9 


MIS E 


10 


-5VA C 


11 


RESET TC C 


12 


POR [I 


13 


tTdrc C 


14 


N.C. C 


15 


TLKRELAY C 


16 


OHRELAY L 


17 



o < o 

9 7 • • > Z W (^ 

Oco«o»-JnOOiogrr 

zsss<zz +<zs 

nnnnn nnnnnn 



68-PIN PLCC 



uuuuuuuuuuu 
og$ = Ez = iii'^ 

zgmssos^ooz 
44-PIN PLCC 



39 


Z N.C. 


38 


Z REC OUT 


37 


Z REC IN 


36 


3 BIAS 


35 


H AGND 


34 


Z MM 


33 


H +5VA 


32 


3 MI2 


31 


3 MI3 


30 


Z TRAN OUT 


29 


Z N.C. 



b. PLCC Set 



Figure 2. RC2324DP/DS Device Set Pin Assignments 
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Table 4. RC2324DP/DS DSP Pin Assignments 



Table 5. RC2324DP/DS lA Pin Assignments 



Pin Number 


B«.S«£ 


«nW 


Type 


52 


1 


Mil 




53 


2 


MI8 




54 


- 


DGND 




55 


3 


N.C. 




56 


4 


EYECLK 


OA 


57 


5 


RDCLK 


OA 


58 


6 


RBCLK 


OA 


59 


7 


RXD 


OA 


60 


8 


RLSD 


OA 


61 


9 


T/DPC 


lA 


62 


10 


RTS 


lA 


63 


11 


N.C. 




64 


12 


N.C. 




65 


13 


N.C. 




66 


14 


N.C. 




67 


15 


N.C. 




68 


16 


N.C. 




1 


17 


DGND 




2 


18 


D7 


lA/OB 


3 


19 


D6 


lA/OB 


4 


20 


D5 


lA/OB 


5 


21 


D4 


lA/OB 


6 


22 


D3 


lA/OB 


7 


23 


D2 


lA/OB 


8 


24 


D1 


lA/OB 


9 


25 


DSL 


lA/OB 


10 


26 


IRQ 


OC 


11 


27 


M»TE 


lA 


12 


28 


QS_ 


lA 


13 


29 


READ 


lA 


14 


30 


RS4 


lA 


15 


_ 


DGND 




16 


31 


RS3 


lA 


17 


32 


RS2 


lA 


18 


33 


RSI 


lA 


19 


_ 


DGND 




20 


34 


RSO 


lA 


21 


35 


dt5\L 




22 


36 


D^R 


OB 


23 


37 


Rl 


OB 


24 


38 


EN86 


lA 


25 


39 


EYEY 


OB 


26 


40 


EYEX 


OB 


27 


41 


EYESYNC 


OB 


28 


42 


N,a 




29 


43 


RESET 


lA 


30 


44 


XTLI 


1 


31 


45 


XTLO 





32 


46 


N.C. 




33 


47 


N.C. 




34 


48 


N.C. 




35 


49 


+5V 




36 


50 


MI7 




37 


51 


MI2 




38 


52 


RD 


lA 


39 


53 


XTCLK 


lA 


40 


54 


DQND 




41 


55 


CTS 


OA 


42 


56 


TXD 


lA 


43 


57 


TBCLK 


OA 


44 


58 


TDCLK 


OA 


45 


59 


MI2 




46 


60 


N.C. 




47 


61 


MI3 




48 


62 


MI4 




49 


63 


MI5 




50 


64 


MI6 




51 


- 


DGND 




Notes: 






Ml = Modem Interconnection (e.g., f 


^17), see Figure 3. 




N.C. = No Connection, leave pin dis 


connected (open). 




I/O Type: See Table 7. 







Pin Number 


pt^S& 


»e' 


^ 


1 


- 


N.C. 




2 


1 


AGNO 




3 


2 


Mil 4 




4 


3 


MI6 




5 


4 


MI8 




6 


- 


N.C. 




7 


5 


MI7 




8 


6 


AQND 




9 


7 


DGND 




10 


8 


MI5 




11 


9 


-5YA 




12 


10 


BESET TC 


lA 


13 


11 


POR 


lA/OA 


14 


12 


T/DRC 


lA 


15 


13 


N.C. 




16 


14 


TUKR5U\Y 


OD 


17 


15 


OHRELAY 


OD 


18 


16 


N.C. 




19 


17 


DGND 




20 


18 


-5VA 




21 


19 


MHO 




22 


20 


Mill 




23 


21 


AGND 




24 


22 


MI13 




25 


23 


Mi4 




26 


24 


AGND 




27 


25 


DGND 




28 


- 


N.C. 




29 


26 


N.C. 




30 


27 


TRAN OUT 


0(DD) 


31 


28 


Mi3 




32 


29 


MI2 




33 


30 


+5VA 




34 


31 


MM 




35 


32 


AGND 




36 


33 


BIAS 


1 


37 


34 


RECIN 


l(DB) 


38 


35 


REC OUT 


0(DA) 


39 


_ 


N.C. 




40 


36 


Mil 2 




41 


37 


MM 5 




42 


38 


AGND 




43 


39 


+5VA 




44 


40 


N.C. 




Notes: 






Ml = Modem Interconnection (e.g., MI7), see Figure 3. 




N.C. = No Connection, leave pin disconnected (open). 




I/O Type: See Tables 7 and 8. 
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HARDWARE INTERFACE SIGNALS 

The RC2324DP/DS hardware functional interface signals 
are shown in Figure 3. In this diagram, any point that is ac- 
tive low is represented by a small circle at the signal point. 



Edge triggered inputs are denoted by a small triangle (e.g., 
TDCLK). Open-Collector (open-source or open-drain) out- 
puts are denoted by a small half -circle (e.g., IRQ). Active 
low signals are overscored (e.g., POR). 

A clock intended to activate logic on its ri sing edg e (low- 
to-high transition) is called active low (e.g., RDCLI^, while 



a clock intended to activate logic on its falling edge (high- 
to-low transition) is called active high (e.g., TDCLK). When 
a clock input is associated with a small circle, the input ac- 
tivates on a falling edge. If no circle is shown, the input ac- 
tivates on a rising edge. 

The hardware interconnect signals are organized into 
functional groups. These signals, along with their interface 
circuit type codes, are listed in Table 6. The digital and 
analog interface characteristics are defined in Tables 7 
and 8, respectively. 
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Figure 3. RC2324DP/DS Functional interface 
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Table 6. RC2324DP/DS Hardware Interface Signals 





I/O 




Namo 


Type 


Description 


DSP and lA Overhead 


AGND 


GND 


Analog Ground Return 


DGND 


GND 


Digital Ground Return 


+5V 


PWR 


+5 Volt Supply (DSP &IA) 


-5V 


PWR 


~5 Volt Supply (IA) 


RESET 


lA 


Reset (DSP) 


POR 


lA/OA 


Power-On-Reset (IA) 


RESET TC 


lA 


Reset Time Constant (IA) 


XTLI 


1 


Crystal In 


XTLO 


O 


Crystal Out 


DSP/Host Processor Pararallel Bus Interface 1 


D7 


lA/OB 


t 


D6 


lA/OB 




D5 


lA/OB 




D4 


lA/OB 


Data Bus (8-Blts) 


D3 


lA/OB 






D2 


lA/OB 






D1 


lA/OB 






DO 


lA/GB 


4 


RS4 


lA 


t 


RS3 


lA 


1 


RS2 


iA 




RSI 


lA 


1 


RSO 


IA 


i 


CS 


IA 


Chip Select 


READ (4)2) 


IA 


Read Enable or <i»2 Clock 


WRITE (R/W) 


IA 


Write Enable or Read/Write 


IRQ 


OC 


Inten-upt Request 


EN86 


IA 


Enable 8086 Bus 


DSP/Une Interface 1 


RD 


IA 


Ring Detect 



Table 6. RC2324DP/DS Hardware Interface Signals 
(Cont'd) 



I/O 
Name Type 


Description 


DSP/V.24 Interface I 


XTCLK IA 


External Transmit Clock 


TDCLK OA 




RDCLK OA 


Receiver Data Clock 


RTS IA 


Request-To-Send 


CTS OA 


Clear-To-Send 


DSR OB 


Data Set Ready 


TXD IA 


Serial TransmK Data 


RXD OA 


Serial Receive Data 


RLSD OA 


Received Line Signal Detector 


Rl OB 


Ring Indicator 


lA/External Filter Components | 


REC IN DB 


IA Receiver Op Amp Input 


REC OUT DA 


IA Receiver Op Amp Output 


TRAN OUT DD 




External Filter Components/Line Interface | 


RXA DE 


Receive Analog Input 


TXA DP 


Transmit Analog Output 


lAAJne Interface I 


OHRELAY OD 


Off-Hook Relay Driver 


DSP/Ancillary Circuits | 


TBCLK OA 


Transmit Baud Clock 


RBCLK OA 


Receive Baud Clock 


lA/Ancillary Circuits I 


T/DRC IA 


Uncommitted Relay Control 


TLKRELAY OD 


Uncommitted Relay Driver 


DSP/Eye Pattern Generator (Diagnostic Circuit) I 


EYEX OB 


Eye Pattern Data X-Axis 


EYEY OB 


Eye Pattern Data Y-Axis 


EYECLK OA 


Eye Pattern Clock 


EYESYNC OB 


Eye Pattern Sync 


NOTES: 1 . I/O types are described in Table 7 (digital signals) and 


Table 8 (analog signals). 


2. Unused inputs tied to +5V or ground require individual 


10K Q series resistors. 





Table 7. Digital Interface Characteristics 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Input High Voltage (Types A & B) 


VlH 


2.0 


- 


Vcc 


Vdc 






IlL 


_ 


_ 


40 


mA 


Vcc = 5.25V, ViN = 5.25V 


Input Low Voltage (Types A & B) 


ViL 


-0.3 


- 


0.8 


Vdc 




Input Low Current 


llH 


_ 


_ 


-400 


mA 


Vcc = 5.25V 


Input Leakage Current 


llN 


- 


- 


±2.5 


mA 


ViN = to +5V, Vcc = 5.25V 


Output High Voltage 
TypeAandB 
TypeD 


VOH 


3.5 


- 


Vcc 


Vdc 


I|joad = -100hA 
Iload = mA 


Output Low VoHage 
Type A and C 
TypeB 
TypeD 


Vol 


- 


0.75 


0.4 
0.4 


Vdc 


Iload= 1.6 mA 
Iload = 0.8 mA 
Iload =15 mA 


Three-State Input Cun'ent (Off) 


Itsi 


_ 


_ 


±10 


mA 


ViN = 0.4toVcc-1 


Power Dissipation 


Pd 


- 


530 


850 


mW 
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Table C 


1. Analog Interface Characteristics 


Name 


Type 


Characteristic 


REC OUT 


DA 


1 458 type op amp output 

Dynamic range: -9 dBm to -43 dBm 


RECIN 


DB 


1458 type op amp input 


TRAN OUT 


DD 


1458 type op amp output 
Po(Higli Band) =-0.5 dBm 
Po (Low Band) = -2.5 dBm 


RXA 


DE 


Input impedance: 68.1 KQ ± 1% 
Receive level: -9 dBm 


TXA 


DF 


1 458 type op amp output 
Output level: dBm ±1 dB 



OVERHEAD SIGNALS 

Overhead signals include power, ground, reset, and crys- 
tal signals. 

+ 5V Supply 

+5V ± 5% is required by both the DSP and the I A devices. 

-5V Supply 

-5V ± 5% Is required by the lA device. 



DSP Reset (RESET) 



The active low RE SET inp ut resets the internal DSP logic. 
Upon transition of RESET from low-to-high, the DSP inter- 
face nfiemory bits are set to the default values shown in 
Table 11. 



During DSP power turn-on, RESET must be held low for 
at least 0.5 microseconds after Vcc operating voltage is 
attai ned for t he internal clock oscillator to sta bilize. The 
DSP R ESET input is usually tied to the I A POR line to have 
the lA POR output initiate a reset upon RC2324DP/DS 
power turn-on or if the lA detects a low power condition. 

Power-On-Reset (POR) 

The lA Power-On Reset (POR) signal is a bidirectional sig- 
nal that is used as an active low input to reset the lA device 
and as an active low output to initiate an external reset of 
the DSP when a low power condition is detected within the 
lA device. 

The lA device power-on reset circuit monitors the l A+SV 
supply and outputs a 1 00 ms to 300 ms low pulse on POR 
upon lA +5V turn-on. This pulse is generated regardless 
of the lA -5V supply level. A 1 ms minimum low pulse on 
POR is also generated when the I A +5V supply drops 
below 3.5V. 



the POR sequence. The modem is rea dy 35 ms after the 
low-to-high transition of POR. The POR sequence is 
reinitiated any time the +5V supply drops bel ow +3 .5V for 
more than 3 ms, o r an external device drives POR low for 
at leasts \is. POR is not pulsed low by the lA device when 
the POR sequence is initiated externally. 

NOTE: If the modem is used in applications where the 
supply volt age c an drop below + 4.75V but not low enough 
to cause a POR sequence (I.e., <+3.5V), the host system 
should assert the reset signals to the DSP and I A devices 
upon supply voltage recovery to ensure proper modem In- 
itialization and operation. 



lA Reset Time Constant (RESET TC) 

When lA POR is used as described above, an external d is- 
crete RC netwo rk mus t be connected to the RESET TC pin 
to generate the POR long time constant (see Figure 9). 

In mode m circuits no t requiring the bidirectional POR sig- 
nal, the RESET TC input can be use d as th e active low 
re set input to th e lA device rather than POR. In th is case, 
the RESET TC should be connected to the D SP RE SET 
input instead of the RC network, and the lA POR input 
should be left open. 

Crystal In QCTLI) and Crystal Out (XTLO) 

The DSP must be connected to an external crystal circuit 
consisting of a 24.00014 MHz crystal and two capacitors 
(see Figure 9 and Table 19). 

MICROPROCESSOR INTERFACE 

Eighteen address, data, control and interrupt hardware in- 
terface signals implement an 8086/6502 compatible paral- 
lel microprocessor interface to a host processor. The 
read/write cycle timing requirements are listed in Table 9 
and the timing waveforms are illustrated in Figure 4. 

This parallel interface allows the host to change modem 
configuration, read or write channel and diagnostic data, 
and supervise modem operation by writing control bits and 
reading status bits. The definitions of the control and 
status bits, along with the methods of data interchange, 
are discussed in the Software Interface Section. 



Table 9. Microprocessor Bus Interface Timing 



When DSP RE SET a nd lA POR are tied together, the lA 
devices pulses POR low upon lA power turn-on to begin 



Parameter 


Symbol 


Min. 


Max. 


Units 


CS Setup Time 


TCS 





_ 


ns 


RSI Setup Time 


TRS 


25 


- 


ns 


Data Access Time 


TDA 


— 


75 


ns 


Data Hold Time 


TDHR 


10 


- 


ns 


Control Hold Time 


THC 


10 


_ 


ns 


Write Data Setup Time 


TWOS 


20 


- 


ns 


Write Data Hold Time 


TDHW 


10 


— 


ns 
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b. 6502 Bus Compatible (EN86 = Low) 



Figure 4. IVIicroprocessor Bus Interface Waveforms 
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Data Lines (D0-D7) 

Eight bidirectional data lines (D0-D7) provide parallel 
transfer of data between the host and the modem. The 
most significa nt bit is D7. Data direction is controll ed by the 
Read Enable (READ) and Write Enable (WRITE) signals. 

Chip Seiect (C$) 

The active low Chip Select (CS) input selects the modem 
DSP for parallel data transfer between the DSP and the 
host over the microprocessor bus. 

Register Seiect Lines (RSO - RS4) 

The five active high Register Select inputs (RSO - RS4) ad^ 
dress interface memory registers within the DSP when CS 
is low. These lines are typically connected to address lines 
A0-A4. 

When selected by CS low, the DSP decodes RSO through 
RS4 to address one of 32 8-bit internal interface memory 
registers (00-1 F). The most significant address bit is RS4 
while the least significant address bit is RSO. The selected 
register can be read from, or written into, via the 8-blt paral- 
lel data bus (D0-D7). 



Read Enabie (READ) and Write Enable(WRiTE) 

The microprocessor bus operates with either 8086 or 6502 
compatible timing as selected by the EN86 input. 

When EN86 is high, 8086 timing is select ed, and the 
read/write co ntrol sign als are Read Enable (READ) and 
Write Enable (WRITE) . Read ing or writi ng is controlled by 
the host pulsing either READ or WRITE input low, respec- 
tively, during the microprocessor bus access cycle (Figure 
4a). 

During a read cycle, data from the addressed DSP inter- 
face memory register is gated onto the data bus by means 
of three-state drivers in the DSP. These drivers force the 
data lines high for a one bit, or low for a zero bit. When not 
being read, the three-state drivers assume their high-im- 
pedance (of!) state. 

During a write cycle, data from the data bus Is copied into 
the addressed DSP interface memory register, with high 
and low bus levels representing one and zero bit states, 
respectively. 

When EN86 is low, 6502 timing is selected, and the 
read/ write c ontrol signals are Phase 2 Clock_((j)2) and 
Read/W rite (R/W). {<^2 replaces READ and R/W replaces 
WRITE.) Reading orjyriting is controlled by pulsing R/W 
low or leaving R/W high, respectively, during the 
microprocessor bus access cycle (Figure 4b). 



interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be con- 
nected to the host interrupt request input in order to inter- 
rupt host p rogr am execution for immediate modem 
service. The IRQ output can be enabled in the DSP inter- 
face memory to indicate immediate chan ge of conditions 
in the modem DSP device. The use of IRQ is optional 
depending upon modem application. Refer to the Software 
Considerations Section for a summary of the modem inter- 
rupt bits, Interrupt conditions and interrupt clearing proce- 
dures. 

The IRQ output s tructu re is an open-drain field-effect-tran- 
sisto r (FET). The IRQ output can be wire-ORed with other 
IRQ lines in the application system. Any of these sources 
can drive the host interrupt request input low, and the host 
interrupt servicing process normally continues until all in- 
terrupt requests have been serviced (i.e.. all IRQ lines 
have returned high). 

Because of the open-drain structure of IRQ, an ext ernal 
pull-up resistor to +5V is required at some point on the IRQ 
line. The resistor valu e sho uld be small enough to pull the 
IRQ line high when all IRQ drivers are off (i.e., it must over- 
come the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a level ac- 
ceptable to each driver. If only the modem IRQ output is 
used, a resistor value of 5.6K ohms ±20%, 0.25W, is suf- 
ficient. 

V.24 INTERFACE 

Ten hardware circuits provide timing, data and control sig- 
nals for implementing a CCITT Recommendation V.24 
compatible serial interface. The serial interface signals 
are TTL compatible and can drive the short wire lengths 
and circuits normally found within stand-alone modem 
enclosures or equipment cabinets. For driving longer 
cables, these signals can be easily converted to RS-232- 
C voltage levels using 1 489 receivers and 1 488 drivers, or 
their equivalents. The serial interface timing is illustrated 
in Figure 5. 

The RTS hardware control input is logically ORed with its 
corresponding interface memory bit by the modem to form 
the resultant control signa l. The state o f eachjiardware 
status output signal (CTS, DSR, RLSD, and Rl) is also 
reflected in its corresponding interface memory bit. Note 
that the hardware interface signals are complemented with 
respe ct to their corresponding interface memory bits (e.g., 
RTS signal low = RTS bit set to a 1). 
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Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the 
host on the Transmitted Data (TXD) input in serial mode, 
or from the interface memory Transmit Data Register 
(TBUFFER) in parallel mode. (The TPDM bit in selects the 
serial or parallel mode.) 

Received Data (RXD) 

The modem presents received serial data to the host on 
the Received Data (RXD) output and to the interface 
memory Receive Data Register (RBUFFER) in both serial 
and parallel modes. RXD is clamped to mark in SDLC 
mode. 

Request To Send (RTS) 

Request to Send (RTS) input ON (lo w) causes the modem 
to transmit data on TXD when CTS becomes active. 

Clear To Send (CTS) 

Clear to Send (CTS) output ON (low) indicates tha t the 
modem will transmit an y dat a present on TXD. CTS 
response times relative to RTS are shown in Table 3. 

Data Set Ready (DSR) 

Data Set Ready (DSR) output ON (low) indicates that the 
modem is in the data transfer state, i.e.: 

1 . The modem is not in the talk state, i.e., an as- 
sociated telephone handset is not in control of the 
line. 

2. The modem is not in the process of automatically 
establishing a call via pulse or DTMF dialing. 

3. The modem has generated an answer tone or 
detected answer tone. 

DSR OFF (high) indicates that the host is to disregard all 
signals appearing on the interchange circuits except Ring 
Indicator (Rl). 



Received Line Signai Detector (RLSD) 



RLSD ON (low) indicates that valid data is available on 
RXD. Th e RLSD thresholds are programmable in DSP 
RAM. The RLSD default threshold values for both high and 
low channels are: 



RLSD ON 2: -43 dBm 
RLSDOFFi-48dBm 

Ring indicator (Ri) 

Ring Indicator (Rl) output ON (low) indicates the presence 
of an ON segment of a ring signal on the telephone line. 
(The ring signal cycle is typically two seconds jON, four 
seconds OFF.) The OFF (high) condition of the Rl output 
Is maintained during the OFF segment of the ring cycle 
(between rings) and at all other times when ringing is not 
being received. 



The Rl frequency range is programmable in DSP RAM. Rl 
will respond to RD input signals in the frequency range of 
15.3 Hz to 68 Hz (default values). 

The r[ OFF-to-ON (ON-to-OFF) response time is defined 
as the time interval between the sudden connection 
(removal) of the ring signal on the RD input and the sub- 
sequent ON (OFF) transition of Rl. The Rl response times 
are shown in Table 10. 

Table 10. Rl Response Time 



Rl Transition 


Response Time 


OFF to ON 
ON to OFF 


One Period * 
One Period 


* Period of the ring frequency. 



Transmit Data Clock (TDCLK) 

The modem outputs a Transmit Data Clock (TDCLI^ in 
synchronous communications. The TDCLK clock frequen- 
cy is data rate ±0.01 % with a duty cycle of 50 ± 1 %. Trans- 
mit Data (TXD) must be stable during the one microsecond 
period immediately preceding and following the rising 
edge of TDCLK. 

In asynchronous modes, TDCLK is clamped to mark. 

External Transmit Clock pCTCLK) 

In synchronous communication, the host may supply the 
external transmit data clock input (XTCLK). The clock sup- 
plied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input is reflected at TDCLK if the 
modem is set for external clock (TXCLK =10). 



Receive Data Clock (RDCLK) 



The modem outputs a Receive Data Clock (RDCLK) in the 
form of 50 ±1 % duty cycle squarewave. The low-to-high 
transitions of this output coincide with the center of 
received data bits. The timing recovery circuit can track a 
±0.01% frequency error in the remote transmit timing 
source. 



RDCLK is output in sy nchronou s communications only. In 
asynchronous modes, RDCLK is clamped to mark. 

DAA INTERFACE 

Receive Analog (RXA) 

RXA is an Input to the external filter components from a 
data access arrangement (see Figure 9). The input im- 
pedance at RXA is determined by R13 (see Design Con- 
siderations Section). R13 is selected such that power at 
REC OUT is -9 dBm when the maximum signal is applied 
to RXA. 
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Transmit Analog (TXA) 

The TXA output from the external filter components (see 
Figure 9) can drive a data access arrangement for connec- 
tion to either the PSTN or a leased line. The transmitter 
output impedance is a 1458 type operational amplifier out- 
put. The output level is determined by R15 (see Design 
Considerations Section). 

ANCILLARY SIGNALS 

Talk/Data Relay Driver (TLKRELAY) 

7LKRELAY is an open drain output which can drive a nor- 
mally closed relay with greater than 360 Q c oil resis tance. 
The TLKRELAY output is controlled by the T/DRC input. 
The TLKRELAY output is clamped off during power-on 
reset. An external discrete diode is not required across the 
relay coil. 

In a typical application, TLKRELAY OFF opens the 
Talk/Data relay and disconnects the handset from the 
telephone line (i.e., the modem has control of the line.) 



Off-Hool( Relay Driver (OHRELAY) 



OHRELAY is an open drain output which can drive a nor- 
mally open relay with greater than 360 Q coil resistance. 
OHRELAY ON closes the Off-Hook relay and c onnects the 
modem to the telephone line (off-hook). The OHRELAY 
output is controll ed by the s tate of the RA bit, except in 
pulse dial mode. OHRELAY output is clamped off during 
power-on reset. An external discrete diode is not required 
across the relay coil. 



Talk/Data Relay Control (t/DRC) 



Talk/Data Relay Control (T/DRC) is an uncom mitted in put 
that controls the state of the TLKRE LAY out put. T/DRC low 
turns the TLKRELAY output ON; T/DRC high turns the 
TLKRELAY output OFF. 

Ring Detect (RD) 

RD indicates to the modem by an ON (high) condition that 
a ringing signal Is present. The signal (a 4N35 optoisolator 
compatible output) into the RD input should not respond to 
momentary bursts of ringing less than 125 ms in duration, 
or to less than 40 Vrms, 1 5 Hz to 68 Hz, appearing across 
TIP and RING with respect to ground. The ring is then 
reflected on Rl. 

Transmitter Baud Clocic (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud 
Clock (RBCLK) outputs are provided In synchronous com- 



munication modes. TBCLK and RBCLK have no counter- 
part in the V.24 or RS-232-C recommendations since they 
mark the baud interval rather than the data rate for the 
transmitter and receiver, respectively. Both signals are 
active high. The high-to-low transition of each baud clock 
coincides with a hIgh-to-low transition of the respective 
data clock. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to 
create an oscilloscope quadrature eye pattern. The eye 
pattern is simply a display of the received baseband con- 
stellation. By observing this constellation, common line 
distrubances can usually be identified. Timing of these sig- 
nals is illustrated in Figure 6. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit 
streams containing data for display on the oscilloscope 
horizontal (X) axis and vertical (Y) axis, respectively. This 
serial digital data must first be converted to parallel digital 
form by two seriai-to-parallel converters and then to 
analog form by two digital-to-analog (D/A) converters. 

EYEX and EYEY outputs are 8-bit words, shifted out most 
significant bit first. EYEX and EYEY are clocked by the 
rising edge of EYECLK. 




EYECLK 



EYECLK is a clock fo r use by the serial-to-parallel con- 
verters. The EYECLK output is a 7200 Hz clock. 

EYESYNC 

EYESYNC is a strobe for word synchronization. The fall- 
ing edge of EYESYNC may be used to transfer the 8-bit 
word from the shift register to a holding register. Digital to 
analog conversion can then be performed for driving the X 
and Y inputs of an oscilloscope. 



J 



-J H 



EYEX. 
EYEY 



_rL_R 



wcDGXinx. 



Figure 6. Eye Pattern Timing 
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SOFTWARE INTERFACE 

Modem functions are implemented In DSP firmware. 

INTERFACE MEMORY 

The DSP communicates with the host processor by means 
of a dual-port, interface memory. The interface memory in 
the DSP contains thirty-two 8-bit registers, labeled register 
00 through 1F. Each register can be read from, or written 
Into, by both the host and the DSP. The host communi- 
cates with the DSP interface memory via the microproces- 
sor bus. 

The host can control modem operation by writing control 
bits to DSP interface memory ahd writing parameter 
values to DSP RAM through the interface memory. The 
host can monitor modem operation by reading status bits 
from DSP Interface memory and reading parameter values 
from DSP RAM through interface memory. 

INTERFACE MEMORY MAP 

A memory map of DSP interface memory identifying the 
contents of the 32 addressable registers Is shown in 
Figure 7. These 8-bit registers may be read or written 
during any host read or write cycle. In order to operate on 
a single bit or group of bits in a register, the host proces- 
sor must read a register then mask out unwanted data. 
When writing a single bit or group of bits in a register, the 



host processor must perform a read-modlfy-write opera- 
tion. That is, the host must read the entire register, set or 
reset the necessary bits without altering the other register 
bits, then write the unaffected and modified bits back into 
the interface memory register. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 11 defines the individual bits in the interface 
memory. Bits in the interface memory are referred to using 
the format Z:Q. The register number is denoted by Z (00 
through 1 F) and the bit number is located by Q (0 through 
7,whereO = LSB). 

INITIALIZATION 

The POR default value for each configuration/control bit is 
shown In Table 1 1 . POR leaves the modem configured as 
follows: 

• 2400 bps 

• Synchronous 

• Constant carrier 

• Serial data mode 

• Answer mode 



Register 


Btt 1 


7 


6 


5 


4 3 


2 


1 





IF 


NSIA 


NCIA 





NSIE NEWS 


NCIE 





NEWC 


IE 


TDBIA 


RDBIA 


TDBIE 


- TDBE 


RDBIE 





RDBF 


ID 


XACC 











XWT 


XCR 


1C 


XM 




ADO) 


IB 


YACCi ~ 1 - 





- lYWT lYCR 


1A 




19 


X RAM DATA MSB (XDAM) 


18 




H:y.»J-L^rll^H:M^-U* 




17 


\ 


liivM'is^.v.i-^-jk^'m 


> 


16 


Y RAM DATA LSB rYDAU 1 


15 


















- 





14 
























13 


TLVL 







TXCLK 1 


12 


CONFIQURA 


TION (CONF) 


11 


- 1 - - 1 - 


- 1 - 1 - ITXP 


10 


TR 


ANSMIl DATAE 


UFFERrrBUFFER) 


OF 


RLSD 







DSR 


Rl 


TM 


SYNCDI FLAGS 


OE 


RTDET 


BRKO 


PE 


FE 


OE 


SPEED 1 


OD 








SIDET 


SCR1 


U1DET 


SADET 








oc 
















— 





OB 


TONEA 


TONEB 


TONEC 


ATV25 


flJBELL 








BEL103 


OA 




_ 


«_ 




_ 


_ 


__ 


CRCS 


09 


Nvas 


CC 


DTMF 


ORG 




DATA 


— 





08 


ASYNC 


TPDM 





DDIS 






RTRN 


RTS 


07 


RDLE 


RDL 


L2ACT 









RA 


MHLD 


06 


BRKS 


EXOS 


PAf 


?SL 




STB 


WD 


SZ 


05 











CEQ 








04 


EQRES 


— 





— 


EQFZ 


IFIX 


— 


CRFZ 


03 


SYNCMD 


SPLIT 


— 


ARC 


SDIS 


GTE 


GTS 


02 

















01 




















RXP 


00 


RECEIVER DATA BUFFER (RBUFF 


ER) 


(— ) indicfltes leseived for modem use only 



Figure 7. RC2324DP/DS Interface Memory Map 
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Table 11. Interface Memory Bit Definitions 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



ARC 



ASYNC 



03:3 



08:7 



ATBELL 

ATV25 

BEL103 

BRKD 
BRKS 

CC 



08:3 

08:4 

08:0 

0E:6 
06:7 

09:6 



CEQ 



05:3 



Automatic Rate Change Enable. When control bit ARC is a 1 , an automatic on-line rate 
change sequence is enabled. This allows on-line fallback from 2400 bps to 1200 bps per 
V.22 bis Section 6.6. 

Asynchronoua/Synchronous. When control bit ASYNC is a 1 , asynchronous data mode is 
selected. When ASYNC changes from a to a 1 , the receiver's synchronous to 
asynchronous converter and the transmitter's asynchronous to synchronous converter are 
configured according to the EXOS, PARSL, PEN, STB and WDSZ bits at that time. ASYNC 
may be used to switch between synchronous and asynchronous modes at any time in idle 
or data mode. All clocks are clamped to mark in asynchronous mode. 

When ASYNC is a 0, synchronous data mode is selected. The SYNCMD bits further select 
one of two synchronous modes. 

Bell Answer Tone Detected. When set to a 1 , status bit ATBELL indicates that the modem 
is detecting a 2225 Hz answer tone. When reset to a 0, the 2225 Hz answer tone is not 
being detected. ATBELL is active only in the Dial/Call Progress and originate handshake 
configurations. 

V25 Answer Tone Detected. When set to a 1 , status bit ATV25 signifies that the modem is 
detecting a 21 00 Hz answer tone. When reset to a 0, the 21 00 Hz answer tone is not being 
detected. ATV25 Is only active in the Dial/Call Progress and originate handshake modes 
(0RG = 1). 

Bell 103 Mark Frequency Detected. When set to a 1 , status bit BEL103 indicates that the 
modem is detecting a Bell 1 03 mark frequency (1 270 Hz) . When reset to a 0, the mark fre- 
quency is not being detected. BEL103 is available only in Dial/Call Progress and answer 
handshake modes (ORG = 0). 

Break Detected. When set to a 1 . status bit BRKD indicates the modem is receiving con- 
tinuous space. When reset to a 0, continuous space is not being received. 

Break Sequence. When control bit BRKS is a 1 and TPDM is a 1 , the modem will send con- 
tinuous space. When BRKS is a and TPDM is a 1 , the modem will transmit parallel data 
from the TBUFFER. (This bit is valid only when TPDM = 1 .) 

Controlled Carrier. When cont rol bi t CC is a 1 , the modem operates in controlled carrier 
(i.e., the carrier is controll ed by RTS); when 0, the modem operates in constant carrier (i.e., 
the carrier stays on when RTS is off). Controlled Carrier is available only in leased line 
(LL=1). 

Controlled carrier allows th e mod em transmitter to be controlled by the RTS pin or the RTS 
bit (see Table 3). When the RTS pin goes low, or the RTS bit set t o a 1 . the transmitter im- 
mediately sends scrambled ones for 270 ms and then turns on the CTS signal and the CTS 
bit. At 2400 bps, it is recommended that a retrain be sent once in the data mode to ensure 
that synchronization occurs. (V.22 bis) 

Compromise Equalizer Enable. When control bit CEQ is a 1 , the transmitter's passband 
digital compromise equalizer is inserted into the transmit path. When CEQ is a 0, the 
equalizer is not inserted into the transmit path. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



CONF 



12:0-7 



84 



CRCS 
CRFZ 
CTS 

DATA 



0A:0 
04:0 
0F:5 

09:2 



DDIS 
DSR 



08:4 
0F:4 



Modem Configuration Select. The CONF control bits select the modem operating mode 
from one of the following configuration codes: 



Mode 

V.22 bis 

V.22 

V.22 

Bell 21 2A 

Bell 103 

V.21 

V.23 

V.23 

V.23 

V.23 



Data Rate (bps) 
Transmit Receive 



2400 

1200 

600 

1200 

0-300 

300 

75 

1200 

1200 

75 



2400 

1200 

600 

1200 

0-300 

300 

1200 

75 

1200 

75 



Tone Generator/Detector 
Dial/Call Progress Monitor 

Note: NEWC must be set to a 1 after CONF is changed. 



CONF (Hex) 

84 
52 
51 
62 
60 
AO 
46 
47 
42 
40 
80 
81 



CRC Sending. When set to a 1 , status bit CRCS indicates that the transmitter is sending 
the CRC (2 bytes) in SDLC mode. A indicates that the CRC is not being sent. 

Carrier Recovery Freeze. When control bit CRFZ is a 1 , updating of the receiver's carrier 
recovery phase lock loop (PLL) is inhibited. When reset to a 0, normal updating is enabled. 

Clear to Send. When set to a 1 , status bit CTS indicates that the training sequence has 
been completed and any data present at TXD (serial mode) o r in T BUFFER (parallel mode) 
will be transmitted (see TPDM). CTS response times from an RTS ON or OFF transition 
after the modem has completed a handshake are shown in Table 3. When reset to a 0, data 
is not being transmitted. 

Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not 
being transmitted. The modem is prevented from entering and proceeding with the hand- 
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to 
a 1 by the host at a suitable time after completion of dialing or answering. 

When control bit DATA is a 1 , the modem is in the data mode in either leased line mode (LL 
= 1) or handshake mode (LL = 0). 

Descrambier Disable. When control bit DDIS is a 1 , the receiver's descrambler circuit is 
disabled; when a 0, the descrambler circuit is enabled. 

Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is in the 
data transfer state. When reset to a (OFF), DSR indicates that the DTE is to disregard all 
signals appearing on the interchange circuits-except Rl. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


DTMF 


09:5 





DTMF Select When the modem is configured for dialing mode (CONF = 81), the modem 
will dial using DTMF tones or pulses. When control bit DTMF Is a 1 . the modem will dial 
using DTMF tones. When DTMF Is a 0, the modem will dial using pulses. The DTMF bit can 
be changed during the dialing process to allow either tone or pulse dialing of consecutive 
digits. Dialing mode is selected by configuration code 81 in the Configuration Register 
(CONF). When In dialing mode, the data placed In the Transmitter Data Buffer (TBUFFER) 
is treated as the digit to be dialed. The number to be dialed must be represented by two 
hexadecimal digits (e.g., if a 9 Is to be dialed, then a 09 must be written to the TBUFFER). 
Also, see TDBE bit. 

Dialing timing Is host programmable In DSP RAM. 


EQFZ 


04:3 





Equalizer Freeze. When control bit EQFZ Is a 1 , updating of the receiver's adaptive 
equalizer taps Is inhibited. When a 0, updating is enabled. 


EQRES 


04:7 





Equalizer Reset. When control bit EQRES is a 1 , the receiver adaptive equalizer taps are 
reset to zero. When a 0, the equalizer taps are updated normally. 


EXOS 


06:6 





Extended Overspeed. When control bit EXOS is a 1 , Extended Overspeed mode is 
selected In the transmitter async-to-sync converter and in the receiver sync-to-async con- 
verter. When a 0, normal overspeed mode is selected. (See SPLIT) 


FE 


0E:4 





Framing Error. When set to a 1 , status bit FE indicates that more than 1 In 8 (or 1 In 4 for 
extended overspeed) characters were received without a Stop bit in asynchronous mode or 
an ABORT sequence was detected in SDLC/HDLC synchronous mode. When reset to a 0, 
no fi-aming error Is detected. 


FLAGS 


0F:0 





Flag Sequence. When set to a 1 , status bit FLAGS Indicates that the transmitter Is sending 
the Flag sequence in SDLC/HDLC mode, or a constant mark in parallel asynchronous 
mode. When reset to a 0, FLAGS Indicates that the transmitter is sending data. 


GTE 


03:1 





Guard Tone Enable. When control bit GTE is a 1 , the specified guard tone to be trans- 
mitted is enabled (CCITT configurations only), according to the state of the GTS bit. The 
guard tone will be transmitted only by the answering modem. When set to a 0, guard tone 
transmission is disabled. (V.22 bis) 


GTS 


03:0 





Guard Tone Select. When control bit GTS is set to a 1 , the 550 Hz tone Is selected; when a 
0, the 1 800 Hz tone Is selected. The selected guard tone will be transmitted only when G 1 1 
is enabled. (V.22 bis) 


IFIX 


04:2 


1 


Eye Fix. When control bit IFIX Is a 1 , the serial diagnostic data output on the EYEX and 
EYEY pins reflects the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and 
EYEY is selected by the addresses in X RAM Address and Y RAM Address registers, 
respectively. 


LL 


09:3 





Leased Line. When control bit LL is set to a 1 , the modem will enter the Leased Line Data 
Mode (selected by the ORG bit) when the DATA bit is a 1 . When a 0, the modem will enter 
the Handshake Mode (selected by the ORG bit) when the DATA bit Is a 1 . 


L2ACT 


07:5 





Loop 2 (Local Digital Loopback) Activate. When control bit L2ACT Is a 1 , the receiver's 
digital output Is internally connected to the transmitter's digital input (locally activated digital 
loopback) in accordance with CCITT Recommendation V.54. 


L3ACT 


07:3 





Loop 3 (Local Analog Loopback) Activate. When control bit L3ACT is a 1 , the 
transmitter's analog output Is internally coupled to the receiver's analog input (local analog 
loopback) in accordance with CCITT Recommendation V.54. 

The modem may only be placed into loop 3 mode when in idle mode (DATA bit Is a 0). After 
setting the L3ACT bit to a 1 , the NEWC bit must also be set. The loopback is then com- 
pleted when the modem sets DSR, CTS, and DCD (RLSD) bits to a 1 . To terminate the loop- 
back, reset L3ACT to a and then set NEWC to a 1 . 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



MHLD 



NCIA 



NCIE 



NEWC 



07:0 



1F:6 



1F:2 



1F:0 



NEWS 



NSIA 



NSIE 



1F:3 



1F:7 



1F:4 



Marie Hold. When control bit MHLD, is a 1 , the transmitter sends continuous marl<. When 
MHLD is a 0, the transmitter sends continuous flag or data from TBUFFER. This bit is valid 
only in SDLC/HDLC mode. 

NEWC Interrupt Active. When the new configuration interrupt is enabled (NCIE is a 1) and 
a new configuration is Implemented (NEWC is reset to a by the DSP), IRQ is asserted and 
status bit NCIA is set to a 1 to indicate that NEWC being a caused the interrupt. NCIA and 
the interrupt request due to NEWC are cleared by the host writing a into NCIE. (See 
NEWC and NCIE.) 

NEWC Interrupt Enable. When control bit NCIE is a 1 (interrupt enabled), the modem will 
assert IRQ and set NCIA to a 1 when the NEWC bit is reset to a by the DSP. When NCIE 
is a (interrupt disabled), NEWC has no effect on IRQ or NCIA. (See NEWC and NCIA.) 

New Configuration. When control bit NEWC is set to a 1 , the modem will implement the 
new configuration. The DSP resets the NEWC bit to a Owhen the configuration change is 
acknowledged. A configuration change can also cause IRQ to be asserted. (See NCIE and 
NCIA.) 

Note: Control bit NEWC must be set to a 1 by the host after the host changes the contents 
of any of the following control bits: 



CONF 


Configuration 


SYNCMD 


Synchronous Mode Select 


GTE 


Guard Tone Enable 


GTS 


Guard Tone Select 


RDLE 


Remote Digital Loopback Enable 


RDL 


Remote Digital Loopback Request 


L2ACT 


Loop 2 Activate 


L3ACT 


Loop 3 Activate 


RA 


Relay Activate 


PARSL 


Parity Select 


PEN 


Parity Enable 


STB 


Stop Bit Number 


WDSZ 


Word Size 


ORG 


Originate Mode 


LL 


Leased Line Mode 


DATA 


Data 


ASYNC 


Asynchronous Mode 


RTRN 


Retrain 


TLVL 


Transmit Level 


EQRES 


Equalizer Reset 



New Status. When set to a 1 , status bit NEWS indicates that one or more status bits lo- 
cated in registers OA, OB, OE, or OF have changed state, or a DSP RAM read or write has 
been comp leted. This bit can be reset to a only by the host. When set to a 1 , this bit can 
cause IRQ to be asserted. (See NSIE and NSIA.) 

NEWS Interrupt Active. When the new status interrupt is enabled (NSIE is a 1) and a 
change of status occurs (NEWS is set to a 1), IRQ is asserted and status bit NSIA is set to a 
1 to indicate that NEWS being a 1 caused the interrupt. NSIA and the interrupt request due 
to NEWS are cleared when the host writes a to NEWS. (See NEWS and NSIE.) 

NEWS interrupt Enable. When control bit NSIE is a 1 (interrupt enabled), IRQ will be as- 
serted and NSIA will be set to a 1 when NEWS is set to a 1 by the DSP. When NSIE is a 
(interrupt disabled), NEWS has no effect on IRQ or NSIA. (See NEWS and NSIA.) 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


NV25 


09:7 





No. V.25 Answer Tone. When control bit NV25 is a 1 , the transmitter will not transmit the 
21 00 Hz CCITT answer tone when a handshake sequence is initiated and the modem is in 
answer mode. In originate mode, the receiver will not look for the 21 00 Hz tone. When reset 
to a 0, the modem will transmit the answer tone in answer mode and will look for the answer 
tone in originate mode. 


OE 


0E:3 





Overrun Error. When set to a 1 , status bit OE indicates that the Receiver Data Buffer 
(RBUFFER) was loaded from the RXA input before the host read the old data from RBUF- 
FER. When reset to a 0, RBUFFER was read before new receive data was loaded into 
RBUFFER. This is valid for both ASYNC mode and SDLC/HDLC mode. 


ORG 


09:4 





Originate. When control bit ORG is a 1 , the modem is in originate mode; when a 0, the 
modem is in answer mode. Note: The NEWC bit must be set after the ORG bit is changed. 


PARSL 


06:4, 5 




Parity Select. Control bits PARSL select the method by which parity is generated and 
checked during the asynchronous parallel data mode (ASYNC =1). The options are: 

5 4 Parity Selected 

Stuff Parity ("9th Data Bit") (see TXP, RXP) 

1 Space Parity 

1 Even Parity 
1 1 Odd Parity 


PE 


0E:5 





Parity Error. When set to a 1 , status bit PE indicates that a character with bad parity was 
received in the asynchronous mode, or bad CRC was detected in the SDLC/HDLC 
synchronous mode. When a 0, a character with good parity was received. 


PEN 
RA 


06:3 
07:1 






Parity Enable. When set to a 1 , control bit PEN enables parity generation and checking 
during asynchronous parallel data mode. When reset to a 0, parity generation and checking 
is disabled. 


Off-Hook Relay Activate. When control bit RA is set to a 1 . the OHRELAY output is ac- 
tivated causing the relay to close (off-hook); when RA is reset to 0, the OHRELAY Is turned 
off causing the relay to open (on-hook). Note: The host has exclusive control of the 
OHRELAY output through the RA bit except in pulse dial mode. 


RBUFFER 


00:0-7 





Receive Data Buffer. The host obtains data from the modem receiver in the parallel data 
mode by reading a data byte from the RBUFFER. 


RDBF 


1E:0 




Receiver Data Buffer Full. When set to a 1 , status bit RDBF signifies that the modem 
wrote valid received data into register 00 (RBUFFER). This condition can also cause IRQ to 
be asserted. The host reading or writing register 00 resets the RDBF bit to 0. (See RDBIE 
and RDBIA.) 


RDBIA 


1E:6 





Receiver Data Buffer Interrupt Active. When the receiver data buffer full Interrupt is 
enabled (RDBIE is a 1) and register 00 is written to by the DSP (RDBF is set to a 1), the 
modem asserts IRQ and sets RDBIA to a 1 to indicate that RDBF being a 1 caused the inter- 
rupt. The host reading or writing register 00 resets the RDBF bit to a and clears the inter- 
rupt request due to RDBF. (See RDBF and RDBIE.) 


RDBIE 


1E:2 





Receiver Data Buffer Interrupt Enable. When control bit RDBIE is a 1 (interrupt enabled), 
the modem will assert IRQ and set the RDBIA bit to a 1 when RDBF is set to a 1 by the 
DSP. When RDBIE is a (interrupt disabled), RDBF has no effect on IRQ or RDBIA. (See 
RDBF and RDBIA.) 




07:6 





Remote Digital Loopback Request. When control bit RDL is a 1 , the modem initiates a re- 
quest for the remote modem to go into digital loopback, RXD is clamped to a mark, and the 
RLSD bit and RLSD signal will be reset until the loop is established. When the host resets 
the RDL bit the modem sends the RDL terminating sequence. 



1-159 



RC2324DP/DS 



2400 bps Full-Duplex Modem Device Set 



Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


ROLE 


07:7 





Remote Digital Loopback Response Enable. When set to a 1 , control bit RDLE enables 
the modem to respond to the remote modem's digital loopback request, thus going Into loop- 
back. When this occurs, the modem clamps RXD to a mark; resets the CTS and RLSD bits 
to a 0, and turns the CTS and DCD signals OFF. The TM bit is set to a 1 to inform the host 
of the test status. 


Rl 


0F:3 





Ring Indicator. When set to a 1 , status bit Ri Indicates that a valid ringing signal is being 
detected. Ringing is detected if pulses are present on the RD input in the 1 5 Hz - 68 Hz fre- 
quency range (default frequency range). The Rl bit followsjhe ringing signal with a 1 during 
the ON time and a during the OFF time coincident with Rl output signal. The minimum and 
maximum valid ring frequencies are host programmable in DSP RAM. If the maximum value 
is set to zero, the Rl bit will go on and off with each half of the ring frequency sine wave. 


RLSD 


0F:7 





Received Line Signal Detector. When status bit RLSD is set to a 1 , the carrier is being 
detected and receive data is valid. When a 0, the carrier is not being detected and RXD out- 
put is clamped to mark. Note: RXD is also clamped to mark during retrain while the RLSD 
bit remains on. 


RTDET 


0E:7 





Retrain Detected. When set to a 1 , status bit RTDET indicates that a retrain request se- 
quence has been detected. 


RTRN 


08:1 





Retrain. When control bit RTRN set to a 1 and the modem is in data mode, the modem re- 
quests retrain (or automatic rate change - see ARC) from the remote modem. RTRN is set 
to when the previous retrain is completed. Note: If retrain is not completed successfully, 
the host must clear the RTRN bit. 

Fallback from 2400 bps to 1200 bps per CCITT V.22 bis may be accomplished as follows: 

1 . Set the ARC bit to a 1 in both modems. 

2. Set the RTRN bit to a 1 in either modem. 

3. SettheNEWCbittoal. 

Fall fon/vard from 1200 bps to 2400 may be accomplished as follows: 

1 . Reset the ARC bit (with the remote modem having the ARC bit set). 

2. Set the RTRN bit. 

3. Set the NEWC bit. 

If the remote modem can operate at the requested rate, the SPEED bits will be changed by 
the modem to reflect the new rate after the retrain is completed. 

If the remote modem cannot operate at the new rate, then no rate change will take place 
during the retrain, in this case, the host must clear the RTRN bit. 


RTS 


08:0 





Request to Send. When control bit RTS is a 1 or the RTS input is ON, the CTS bit is set to 
a 1 and the CTS output is turned ON. When the RTS bit is reset to and the RTS input is 
OFF, the CTS bit is reset to a and the CTS output Is turned OFF. 


RXP 


01:0 





Received Parity bit. This bit is only valid when parity is enabled (PEN = 1), and word size 
is set for 8 bits per character (WDSZ = 1 1). In this case, the parity bit received (or ninth data 
bit) will be available at this location. The host must read this bit before reading the received 
data buffer (RBUFFER). 


S1DET 


0D:5 





81 Sequence Detected. Status bit S1 DET is set to a 1 when the SI sequence is being 
detected. This bit is reset to a when the S1 sequence is not being detected. 


SADET 


0D:2 





Scrambled Alternating Ones Sequence Detected. Status bit SADET is set to a 1 when 
the Scrambled Alternating Ones sequence is being detected. This bit is reset to a when 
the Scrambled Alternating Ones sequence is not being detected. Note: SADET is used to in- 
dicate the response of the remote modem to a V.22 bis rate change request or a remote 
digital loopback request. 



1-160 



RC2324DP/DS 



2400 bps Full-Duplex Modem Device Set 



Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


SCR1 


0D:4 





Scrambled Ones Sequence Detected. Status bit SCR1 is set to a 1 wiien Scrambled 
Ones is being detected during handshake. This bit is reset to when Scrambled Ones is not 
being detected. 


SDiS 


03:2 





Scrambler Disable. When control bit SDIS is a 1 , the transmitter scrambler is disabled; 
when SDIS is a 0. the scrambler is enabled. 


SPEED 


0E:0-2 





Speed Indication. The SPEED status bits indicate the data rate at the completion of a hand- 
shake: 

2 1 Data Rate (bps) 

300 
1 600 
1 1200 
1 1 2400 


SPUT 


03:5 





Parallel Async Extended Overspeed TX/RX Split. When SPUT is set to a 1 and EXOS is 
set, the transmitter will transmit at the basic overspeed while the receiver receives at the ex- 
tended overspeed rate. 


STB 


06:2 





Stop Bit Number. When control bit STB is a 0, one stop bit is selected in asynchronous 
mode; when a 1 , two stop bits are selected. 


SYNOD 


0F:1 





Sync Pattern Detected. When set to a 1 . status bit SYNOD indicates that SDLO/HDLO 
flags (7E pattern) are being detected. When reset to a 0, the 7E pattern is not being 
detected. 


SYNCMD 


03:6,7 





Synchronous Mode. Oonfiguration bits SYNOMD select the synchronous mode (ASYNO = 
0) from the following: 

7 6 Synchronous Mode 

Normal Sync 

1 SDLO/HDLO Sync 


TBUFFER 


10:0-7 


00 


Transmitter Data Buffer. The host conveys output data to the transmitter in the parallel 
mode CTPDM = 1) by writing a data byte to the TBUFFER when the TDBE bit Is a 1 . The 
data is transmitted bit first. 


TDBE 


1E:3 




Transmitter Data Buffer Empty. When set to a 1 , status bit TDBE signifies that the modem 
has read transmit data from register 1 (TBUFFER) and the host can write new data into 
register 10. This condition can also cause IRQ to be asserted. The host reading or writing 
register 1 resets the TDBE bit to 0. (See TDBIE and TDBIA.) 


TDBIA 


1E:7 





Transmitter Data Buffer Interrupt Active. When the transmitter data buffer empty interrupt 
is enabled (TDBIE is a 1) and register 10 is empty (TDBE is set to a 1), the modem asserts 
IRQ and sets status bit TDBIA to a 1 to indicate that TDBE being a 1 caused the interrupt. 
The host reading or writing register 1 resets the TDBIA bit to a and clears the interrupt re- 
quest due to TDBE. (See TDBIE and TDBE.) 


TDBIE 


1E:5 





Transmitter Data Buffer Interrupt Enable. When control bit TDBIE is a 1 (interrupt 
enabled), the modem will assert IRQ and set the TDBIA bit to a 1 when TDBE is set to 1 by 
the DSP. When TDBIE is a (interrupt disabled) , TDBE has no effect on IRQ or TDBIA. 
(See TDBE and TDBIA.) 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


TLVL 


13:4-7 


6 


Transmit Level Attenuation Select. The TLVL control code selects the transmitter analog 
output level attenuation at the TXA pin as follows: 

Transmit Level Attenuation 
7 6 5 4 (dB±0.5dB) 

dB 
1 1 dB 
10 2 dB 
11 3 dB 
10 4 dB 
10 1 5 dB 
110 6 dB 
111 7 dB 
10 8 dB 
10 1 9 dB 
10 10 10 dB 
10 11 11 dB 
110 12 dB 
110 1 13 dB 

1110 14 dB 

1111 15 dB 

The host can fine tune the transmit level to a value lying within a 1 dB step by changing a 
value in DSP RAM. 


TM 


0F:2 





Test Mode. When set to a 1 , status bit TM indicates that the selected test mode is active. 
When TM is reset to a 0, no test mode is active. 


TONEA 


0B:7 





Tone Filter A Energy Detected. When set to a 1 , status bit TONEA indicates that energy 
above the threshold is being detected by the Call Progress Monitor filter in the Dial Con- 
figuration (CONF = 81 ) or that 1 300 Hz FSK tone energy is being detected by the Tone A 
bandpass filter in the Tone Detector configuration (CONF = 80) . When reset to a 0, energy 
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM. 


TONEB 


08:6 





Tone Filter B Energy Delected. When set to a 1 , status bit TONEB indicates that 390 Hz 
FSK tone energy is being detected by the Tone 8 bandpass filter in the Tone Detector con- 
figuration (CONF = 80). When reset to a 0, energy is not being detected. The bandpass filter 
coefficients are host programmable in DSP RAM. 


TONEG 


08:5 





Tone Filter C Energy Detected. When set to a 1 , status bit TONEC Indicates that either 
1 650 Hz (ORG = 1 ) or 980 Hz (ORG = 0) FSK tone energy is being detected by the Tone C 
bandpass filter in the Tone Detector configuration (CONF = 80) . When reset to a 0, energy 
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM. 


TPDM 


08:6 





Transmitter Parallel Data Mode. When control bit TPDM is a 1 , the transmitter accepts 
parallel data from the host microprocessor interface via the TBUFFER register for transmis- 
sion rather than serial data fi'om the TXD input pin. When TPDM is a 0, serial data from the 
TXD input pin is accepted for transmission rather than parallel data fi-om TBUFFER. 


TRFZ 


08:3 





Timing Recovery Freeze. When control bit TRFZ is a 1 , the updating of the receiver's 
timing recovery algorithm is inhibited. When TRFZ is a 0, normal updating occurs. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


TXOLK 


13:0,1 





Transmit Clock Select. The TXOLK control bits designate the origin of the transmitter data 
clock: 

1 Transmit Clock 

Internal 

1 Not Used (Internal) 

1 External (XTOLK Input) 
1 1 Slave (RDOLX output) 

When the external clock is chosen, the host supplied clock must be connected to the 
XTOLK Input pin. The external clock will then be reflected at the TDOLK output pin. 

When the slave clock is chosen, the transmitter clock output (TDOLK) Is phase locked to 
the receiver clock output (RDOLK). 


TXP 


11:0 





Transmit Parity bit. This bit is only active when parity is enabled (PEN = 1). stuff parity is 
selected (PARSL = 00) and word size is set for 8 bits per character. The host must load the 
stuffed parity bit (or ninth data bit) in this location before loading the other 8 bits of data in 
TBUFFER. 


U1DET 


0D:3 





Unscrambled Ones Detected. When set to a 1 , status bit U1 DET indicates that V.22 bis 
Unscrambled Ones sequence has been detected. This bit is reset to a by the modem at 
the end of the Unscrambled Ones sequence. (V.22 bis) 


WDSZ 


06:0,1 





Data Word Size. The WDSZ control field sets the number of data bits per character in 
asynchronous mode as follows: 

1 Data Bits/Character 

5 

1 6 

1 7 


XACO 


1D:7 





1 1 8 

X RAM Access Enable. When control bit XACO is a 1 , the DSP accesses the X RAM as- 
sociated with the address in XADD and the XOR bit. XWT determines if a read or write is 
performed. The DSP resets XAOO to a upon RAM access completion. 


XADD 


10:0-7 


00 


X RAM Address. XADD contains the X RAM address used to access the DSP's X Data 
RAM (XOR = 0) or X Ooefficient RAM (XOR = 1) via the X RAM Data LSB and MSB 
registers (addresses 18 and 19, respectively). (See Table 12.) 


XCR 


1D:0 





X Coefficient RAM Select. When control bit XOR Is a 1 , XADD applies to the X Ooefficient 
RAM. When XOR is a 0, XADD applies to the X Data RAM. This bit must be set according 
to the desired RAM address (Table 12). 


XDAL 


18:0-7 


00 


X RAM Data LSB. XDAL is the least significant byte of the 1 6-bit X RAM data word used in 
reading or writing X RAM locations in the DSP. 


XDAM 


19:0-7 


00 


X RAM Data MSB. XDAM is the most significant byte of the 1 6-bit X RAM data word used 
in reading or writing X RAM locations in the DSP. 


XWT 


1D:1 





X RAM Write. When XWT is a 1 and XAOO is set to a 1 , the DSP copies data fi-om the X 
RAM Data registers (1 8 and 1 9) into the X RAM location addressed by XADD and XOR. 
When control bit XWT is a and XAOO is set to a 1 , DSP reads X RAM at the location ad- 
dressed by XADD and XOR and stores the data into the X RAM Data registers (1 8 and 1 9) . 


YACC 


1B:7 





Y RAM Access Enable. When control bit YAOO is a 1 , the DSP accesses the Y RAM as- 
sociated with the address in YADD and the YOR bit. YWT determines if a read or write is 
performed. The DSP resets YAOO to a upon RAM access completion. 
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Table 11. Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 




YADD 

YCR 

YDAL 
YDAM 
YWT 


1A:0-7 

1B:0 

16:0-7 
17:0-7 
1B:1 


00 



00 
00 



Y RAM Address. YADD contains the Y RAM address used to access the DSP's Y Data 
RAM (YCR = 0) or Y Coefficient RAM (YCR = 1) via the Y RAM Data LSB and MSB 
registers (adresses 16 and 17. respectively). (See Table 12.) 

Y Coefficient RAM Select. When control bit YCR is a 1 , YADD applies to the DSP's Y Coef- 
ficient RAM. When YCR is a 0, YADD applies to the Y Data RAM. This bit must be set ac- 
cording to the desired RAM address (Table 12). 

Y RAM Data LSB. YDAL is the least significant byte of the 1 6-bit Y RAM data word used in 
reading or writing Y RAM locations in the DSP. 

Y RAM Data MSB. YDAM is the most significant byte of the 1 6-bit Y RAM data word used 
In reading or writing Y RAM locations in the DSP. 

Y RAM Write. When YWT is a 1 and YACC is set to a 1 , the DSP copies data from the Y 
RAM Data registers (1 6 and 1 7) into the Y RAM location addressed by YADD and YCR. 
When control bit YWT Is a and YACC is set to a 1 , the DSP reads Y RAM at the location 
addressed by YADD and YCR and stores the data into the Y RAM Data registers (16 and 
17). 
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DSP RAM ACCESS 

The DSP contains four sections of 16-bit wide random ac- 
cess memory (RAM). Because the DSP is optimized for 
performing complex arithmetic, the RAIVI is organized into 
real (X RAM) and imaginary (Y RAM) sections, as well as 
data and coefficient sections. The host processor can ac- 
cess (read or write) the X RAM only, the Y RAM only, or 
both the X RAM and the Y RAM simultaneously in either 
the data or coefficient section. 

INTERFACE MEMORY ACCESS TO DSP RAM 

The DSP Interface memory acts as an intermediary during 
host to DSP RAM or DSP RAM to host data exchanges. 
The addresses stored in DSP interface memory RAM Ad- 
dress registers (i.e., XADD and YADD) by the host, in con- 
junction with the data or coefficient RAM bits (i. e., XCR 
and YCR) determine the DSP RAM addresses for data ac- 
cess. 

One or two 16-blt words are transferred between DSP 
RAM and DSP Interface memory once each internal DSP 
cycle. The transmitter and the receiver sample rate func- 

Table 12. DSP RAM Parameters 



tions operate at the 7200 Hz sample rate. The receiver 
baud rate function operates at the 600 Hz. 

Two RAM access bits (XACC and YACC) in the DSP inter- 
face memory tell the DSP to access the X RAM and/or Y 
RAM. The DSP tests these bits each sample period. 

HOST PROGRAMMABLE DATA 

The parameters available in DSP RAM are listed in Table 
12 along with the X RAM or Y RAM address and cor- 
responding XCR or YCR bit value. 

HOST DSP READ AND WRITE PROCEDURES 

DSP RAM Write Procedure 

1 . Before writing to DSP interface memory, verify that 
XACC and YACC are reset to 0. 

2. Load the RAM address into XRAM address 
(XADD) and/or YRAM address (YADD). 

3. Write the desired data to the RAM data registers 
(XDAM, XDAL, YDAM, or YDAL). 

4. Set the coressponding coefficient RAM select bits 
(XCR, YCR) as necessary. 

Table 12. DSP RAM Parameters (Cont'd) 






XCR/ 


XRAM 


YRAM 




No. 


\rcR* 


Addr 


Addr 


Parameter 


1 


1 





- 


1st Equalizer Tap, Real 


1 


1 


11 


- 


Last Equalizer Tap, Real 


2 


1 


- 





1 St Equalizer Tap, Imaginary 


2 


1 


- 


11 


Last Equalizer Tap, Imaginary 


3 





16 


- 


Rotated Error, Real 


4 





- 


16 


Rotated Error, Imaginary 


5 





3F 


- 


Max AGC Gain Word 


6 





71 


- 


Pulse Dial Interdigit Time 


7 





7C 


- 


Tone Dial Interdigit Time 


8 





72 


- 


Pulse Dial Relay Make Time 


9 





7D 


- 


Pulse Dial Relay Break Time 


10 





7E 


- 


DTMF Duration 


11 





6D 


- 


Tone 1 Angle Increment Per Sample 


12 





- 


6D 


Tone 2 Angle Increment Per Sample 


13 





6F 


- 


Tone 1 Amplitude 


14 





- 


6F 


Tone 2 Amplitude 


15 





73 


- 


Max Samples Per Ring Frequency 
Period 


16 





74 


- 


Min Samples Per Ring Frequency 
Period 


17 




12 


- 


Real Part of Error 


18 




- 


12 


Imaginary Part of Error 


19 




- 


14 


Rotation Angle for Carrier Recovery 


20 




15 


- 


Rotated Equalizer Output, Real 


21 




- 


15 


Rotated Equalizer Output, Imaginary 


22 




16 


- 


Lower Part of Phase Error 


23 




- 


16 


Upper Part of Phase Error 


24 




3F 


- 


Upper Part of AGC Gain Word 


25 




- 


3F 


Lower Part of AGC Gain Word 


26 




IF 


- 


Average Power 


27 




2D 


- 


Phase Error 


28 




2F 


- 


Tone Power (ATBELL, BEL103 or 
TONEA 


29 




- 


2F 


Tone Detect Threshold (Call 
Progress Energy) 


30 




30 




Tone Power (ATV25 or TONES) 



XCR/ 


XRAM 


YRAM 




No. YCR* 


Addr 


Addr 


Parameter 


31 1 


31 


_ 


Tone Power (TONEC) 


32 1 


36 


- 


Tone Detect Threshold (ATBELL, 
BEL103,orTONEA) 


33 1 


37 


- 


Tone Detect Threshold (ATV25 or 
TONEB) 


34 1 


38 


_ 


Tone Detect Threshold (TONEC) 


35 1 


3B 


- 


Zero Crossing Counter 


36 1 


52 


- 


Eye Quality Monitor (EQM) 


37 1 


- 


31 


Filter 1 Coefficient aO 


38 1 


- 


32 


Filter 1 Coefficient a1 


39 1 


- 


33 


Filter 1 Coefficient a2 


40 1 


- 


34 


Filter 1 Coefficient pi 


41 1 


- 


35 


Filter 1 Coefficient p2 


42 1 


- 


37 


Filter 2 Coefficient aO 


43 1 


- 


38 


Filter 2 Coefficient a1 


44 1 


- 


39 


Filter 2 Coefficient a2 


45 1 


- 


3A 


Filter 2 Coefficient pi 


46 1 


- 


3B 


Filter 2 Coefficient p2 


47 1 


- 


76 


Filter 3 Coefficient aO 


48 1 


- 


77 


Filter 3 Coefficient a1 


49 1 


- 


78 


Filter 3 Coefficient a2 


50 1 


- 


79 


Filter 3 Coefficient pi 


51 1 


_ 


7A 


Filter 3 Coefficient p2 


52 1 


- 


45 


Filter 4 Coefficient aO 


53 1 


_ 


46 


Filter 4 Coefficient a1 


54 1 


- 


47 


Filter 4 Coefficient a2 


55 1 


- 


48 


Filter 4 Coefficient pi 


56 1 


- 


49 


Filter 4 Coefficient p2 


57 1 


1C 


- 


Turn-on Threshold (PSK) 


58 1 


32 


- 


Tum-off Threshold (PSK) 


59 1 


- 


21 


RLSD Turn-off Time (PSK) 


60 


- 


1C 


Turn-on Threshold (FSK) 


61 


- 


ID 


Tum-off Threshold (FSK) 


*XCR if 


anXRAMaddres 


Sis listed; YCR If a YRAM 


address 


is listed. 
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5. Set the appropriate RAM write bits P<WT, YWT). 

6. Set the appropriate RAM access bits (XACC, 
YACC). 

7. After the DSP has transferred the contents of the in- 
terface memory RAM data registers into DSP 
RAM, the DSP resets the XACC and/or the YACC 
bit to a 0, then sets the NEWS bit to a 1 indicate 
DSP RAM write completion. 

8. If the NSIE bit is a 1 , IRQ is also asserted and 
NSIA is set to a 1 when NEWS is set to a 1 . NSI A 
is cleared b y writ ing a into the NEWS bit, which 
also causes IRQ to return high if no other interrupt 
requests are pending. 

Note: Steps 4 and 5 can be accomplished simultaneously. 

DSP RAM Read Procedure 

1 . Before reading from DSP Interface memory, verify 
that XACC and YACC are reset to a 0. 

2. Load the RAM address into X RAM Address 
(XADD) and/or Y RAM Address (YADD) 



6. 



Set the corresponding XCR and/or YCR bit(s) ap- 
propriately. 

Reset XWT and/or YWT to a 0, infomi the DSP that 
a RAM read will occur when XACC and/or YACC 
is set to a 1 . 

Set XACC and/or YACC to a 1 to signal the DSP to 
perform the RAM read. 

After the DSP has transferred the contents of RAM 
into the interface memory RAM data registers, the 
DSP resets the XACC and/or the YACC bit to a 0, 



then sets the NEWS bit to a 1 to indicate DSP 
RAM read completion. 

7. If the NSIE bit is a 1 , IRQ is also asserted and 
NSIA is set to a 1 when NEWS is set to a 1 . NSIA 
is cleared by writing a into the NEWS bit, which 
also causes IRQ to return high if no other interrupt 
requests are pending. 

Note: Steps 3 and 4 can be accomplished simultaneously. 

SOFTWARE INTERFACE CONSIDERATIONS 
INTERRUPT REQUEST HANDLING 

DSP interface memory registers 00, 10, 1E, and 1F have 
unique hardware connections to the interrupt logic. 
Register 00 is the Receive Buffer (RBUFFER) and register 
10 is the Transmit Buffer (TBUFFER). Registers 1E and 
1 F hold interrupt flag, interrupt enable, and Interrupt active 
bits. 

When a condition occurs that satisfies an interrupt criteria, 
the corresponding interrupt flag bit is set. This interrupt flag 
can be reported to the host eithe r by t he host polling the 
interrupt flag bits (i.e., not using IRQ) or by being inter- 
rupted by IRQ. When an Interupt enable bit and the cor- 
responding interrupt flag are both set to a 1, IRQ is 
asserted and the corresponding interrupt active bit set to 
a1. 

The interrupt flag setting conditions are status changed 
detected, configuration changed acknowledged, receive 
buffer full and transmit buffer empty. Table 13 identifies 
the interrupt conditions and bits, and describes the inter- 
rupt clearing procedures. 



Table 13. Interrupt Request Bits 



Interrupt 
Active Bit 


Interrupt 
Enable Bit 


Interrupt 
Flag Bit 


Interrupt Condition Description 


Interrupt Clear Procedure 


NSIA 


NSIE 


NEWS 


New status detected (NEWS transitioned from a to 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA, OB, OE, or OF 


Host writes a into NEWS 
(Clears NSIA to a 0) 


NCIA 


NCIE 


NEWC 


New configuration acknowledged by DSP 
(NEWC transitioned from a 1 to a 0) 


Host writes a into NCIE 
(Clears NCIA to a 0) 


TDBIA 


TDBIE 


TDBE 


Transmitter Data Buffer is empty and can be written 
(TDBE transitioned from a to a 1) 


Host reads from or writes to 
register 10 fTBUFFER) 
(Clears TDBE and TDBIA to 0) 


RDBIA 


RDBIE 


RDBF 


Receiver Data Buffer is full and can be read 
(RDBF transitioned from a to a 1) 


Host reads from or 
register 00 (RBUFFER) 
(Clears RDBF and RDBIA to 0) 
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DIAL PROCEDURE 

The host dial procedure is the same as outputting data to 
be transmitted using TBUFFER (Figure 8). The modem 
timing accounts for the DTMF tone duration and 
amplitude, pulse make/break ratio, and interdigit delay. 
These dialing parameters are host programmable in DSP 
RAM. 

The level of the high DTMF tone is 2 dB greater than the 
level of the low DTMF tone. 

The dialer default parameters are given in Table 14. 



Table 14. Dial Default Parameters 



Parameter 


Default Value 


DTMF Tone Duration 


70 ms 


DTMF Interdigit Delay 

DTMF Total Output Power Level 

DTMF Low Band Power Level 


70 ms 

OdBm 

-4dBm 


DTMF High Band Power Level 
Pulse Relay Make Time 
Pulse Relay Break Time 


-2dBm 
40 ms 
60 ms 


Pulse Interdigit Delay 


750 ms 





Q START ^ 










1->RA(7:1) 
ACTIVATE OHRELAY 














1 --> ORG (9:4) 














81 ->CONF (12:0-7) 














1 --> NEWC (1 F:0) 














CHECK DIAL TONE 
OR DELAY 5 SEC 














: 






/ TDBE(1E:03) = 1? \ 


N 




Y 








1 (TONES) --> DTMF (9:5) 
(PULSES) --> DTMF (9:5) 














WRITE DIGIT IN 
TBUFFER (10) 












N 


/ LAST DIGIT? \ 




Y 








/ TDBE(1E:03) = 1? \ 


N 


Y 








REQUIRED CONFIGURATION 
-> CONF (12:0-7) 
1 -> NEWC (1 F:0) 












cn 


kz) 



i 

■J 



Figure 8. Dial Sequence 
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DESIGN CONSIDERATIONS 
REQUIRED MODEM INTERFACE CIRCUIT 

The RC2324DP/DS is supplied as two VLSI devices to be 
designed into original equipment manufacturer (OEM) 
circuit boards. The recommended modem interface circuit 
(Figure 9) and parts list (Table 15) illustrate the 
connections and components required to connect the 
modem to the OEM electronics. 

DAA INTERFACE 

The following discussion of the interface to the integrated 
analog device is presented to enable designers to modily 
the design of the recommended line interface circuit. Also, 
the designer may wish to incorporate an existing line 
interface design with the modem device set. 

Receive Input 

Receive In (REC IN) and Receive Out (REG OUT) are pins 
associated with an integrated uncommitted operational 
amplifier Inside the I A device. In conjunction with the three 
discrete components shown (R13, R14 and 011), the 
amplifier forms a first order lowpass antialiasing filter. This 
filter's function is to attenuate high frequency noise near 
and above the effective sampling rate of the integrated 
bandsplit filters (230.4 KHz). 

The design of the modem requires that the pole of the 
anti-aliasing filter be fixed at 2337 Hz. This is calculated 
using the formula 

Filter Pole (Hz) = 1/(2jt • R14 • 01 1) 

The recommended values of 68.1 KQ for R1 4 and 1 000 pF 
for 01 1 give the correct value for the filter pole. Some 



flexibility in choosing the component values for R14 and 
Oil is permissible provided that the pole of the filter is 
maintained within approximately ±5% of the correct value. 
When calculating the pole of the filter, component 
tolerances should be carefully considered. 

Transmit Output 

An external discrete smoothing filter must be added to the 
Transmit Output (TRAN OUT) signal to attenuate the high 
frequency aliases generated by the Integrated switched 
capacitor filters. This is necessary to meet FCC 
requirements on transmitted high frequency energy. The 
pole of this filter may be calculated usin^ the same fomiula 
as for the receiver filter. I.e., 

Filter Pole (Hz) = 1/(2ji • R16 • 012) 

The components values of R1 6 = 68.1 KQ and 012 = 1 000 
pF place the pole at 2337 Hz. This may seem unusual as 
the response of a smoothing filter Is generally designed to 
be flat in the band of interest, and then rolling off before the 
sampling rate. The bandsplit filter inside the I A is 
pre-distortQd so that when cascaded with an external 
continuous first order smoothing filter, the response 
across the band is flat. 

Some flexibility In choosing the values for R16 and CI 2 Is 
permissible, provided some guidelines are followed. The 
choice of R16 and 012 must position the filter pole within 
±5% of 2337 Hz. 

The TRAN OUT integrated driver can drive a resistive load 
as low as 1 KQ . This drive capability is desirable for the 
FOC Part 68 defined "programmable" mode. 
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Table 15. Recommended Modem Interface Circuit 



Qty 


Part Number 


Description 




U1 


Rockwell R02424DP/DS DSP 




U2 


Rockwell R02424DP/DS lA 




U4 


1458 Dual Op 




U5 


SN74LS04 Hex Inverter 




Y1 


24.00014 MHz Crystal 


8 


01.04,06.07,09, 
010.013. 023 


0.10 jiF, 20%, 50V 




02 


39 pF, 5%, 50V 




03 


18 pF, 5%, 50V 




C5 


10jiF,5%,50V 


2 


011.012 


1000 pF. 5%. 50V 




R1 


34.8KQ.1%, 1/8W 




R2 


66,5KQ. 1%. 1/8W 




R7 


1Q.5%.1/4W 




R9 


110KQ,1%. 1/8W 




RIO 


2.7MQ.5%, 1/8W 




R11 


3KQ.5%,1/8W 




R12 


47KQ.5%. 1/8W 




R13 


23.7 KQ.1%. 1/8 W 


2 


R14,R16. 


68.1KQ. 1%. 1/8W 




R15 


42.2KQ,1%, 1/8W 




0R1 


Schottky Diode, LL103B 



PC BOARD LAYOUT GUIDELINES 

The following guidelines sliouid be adiiered to when laying 
out a printed circuit board for the RC2324DP/DS devices. 
The pin numbers reflect the DSP 64-pin QUIP and the I A 
40-pin DIP packages. 

1 . The DSP, lA and all supporting analog circuitry, in- 
cluding the data access arrangement should be 
located on the same area of printed circuit board. 

2. The DSP device grounds should be routed 
separately from the lA device. 

3. The DSP should be located on the pin 1 side of the 
lA device. 

4. I A digital signals (pins 3, 4, 5, 8, 10, 12, 23, 28, 29, 
and 31) should be routed directly to the DSP, 
avoiding all analog components. 

5. Routing of the RC2324DP/DS signals should 
provide maximum isolation between noise sour- 
ces and noise senitive inputs. When layout re- 
quirements necessitate routing these signals 
together, they should be separated by neutral 
signals. The DSP and lA noise source, neutral, 
and noise sensitive pins are listed in Table 16. 

6. A 1 .OQ/1 }aF RC network is needed to decouple 
the +5V supply. This must be done at the I A 
device to isolate it from the DSP device. 

7 As a general rule, digital signals should be routed 
on the component side of the PCB while the 
analog signals are routed on the solder side. 
The sides may be reversed to match a particular 
OEM requirement. 

8. All power traces should be at least a 0.1 inch width. 

9. The analog components should be located on the 
pin 40 side of the 40-pin lA device. 

1 0. The lA AGND pins (1 , 6, 21 , 24, 32, and 38) and 
the DGND pins (7 and 25) should be tied 
together as ground directly under the device. 

11. A 0.1 ^F ceramic capacitor is used to decouple 
the -5V supply. This should be done in the im- 
mediate proximity of the I A device. 

12. All circuitry connected to crystal pins 44 and 45 on 
the DSP device should be kept short to prevent 
stray capacitance from affecting the oscillator. 
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Table 16. RC2324DP/DS Pin Noise Characteristics 



Device 


Function 


Noise Source 


Neutral 


Noise Sensitive 


DSP 


+5V 




49 




64-Pln QUIP 


DGND 
Crystal 
Control 




17,54 

9, 38. 43, 52 


44,45 




Eye Pattern 


4,41 


39-40 






Host Bus Interface 




18-34 






Serial Interface 


5-7, 53, 56-58 


8,10,36-37,55 






lA Interface 


1-2,50-51,59,61-64 








No Connection 




3.11-16.35.42.46-48,60 




DSP 


+5V 




35 




68-Pln PLCC 


DGND 
Crystal 
Control 




1.15.19,40,51.54 
24, 29, 38, 61 


30-31 




Eye Pattern 


27,56 


25-26 






Host Bus Interface 




2-14.16-18,20, 






Serial Interface 


39, 42-44, 57-59 


22-23,41.60.62 






lA Interface 


36-37, 45, 47-50, 52-53 








No Connection 




21.28.32-34,46.55,63-68 




lA 


+5VA 




30,39 




40-Pln DIP 


-5VA 

DGND 

AGND 

Control 

Analog 




9,18 
7,17.25 

1.6,21,24,32,38 
10, 14-15 


2.19-20.22,26-27,33-37 




DSP Interface 


3-5, 8, 23, 28-29, 31 


12 






No Connection 




11,13,16,40 




lA 


+5VA 




33,43 




44-Pin PLCC 


-5VA 

DGND 

AGND 

Control 

Analog 




11,20 

9,19,27 

2, 8, 23, 26, 35, 42 

12,16-17 


3,21-22,24,29-30,36-38, 
40-41 




DSP Interface 


4-5.7,10,25,31-32,34 


14 






No Connection 




1,6,13,15,18,28,39,44 
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Table 17. Modem Power Requirements 



Voltage 


Tolerance 


Current (Typical) 
@25*>C 


Current (Maximum) 
@0*C 


+ 5VDC 
-5VDC 


±5% 
±5% 


85 mA 
20 mA 


130 mA 
40 mA 


Note: Input voltage ripple s1 volts peak-to-peak. 



Table 18. Modem Environmental Specifications 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 

Altitude 


0«>Cto + 60«C(32«Fto140'>F) 

- 40**C to + SO^'C HO^'F to 1 76T) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35**C, whichever is less. 

-200 feet to +10,000 feet 



Table 19. Crystal Specifications 



Parameter 


Value 


Operating Temperature 


0°Cto60°C 


Storage Temperature 


-55°Cto85''C 


Nominal Frequency @ 25''C 


24.00014 MHz 


Frequency Tolerance @ 25°C 


±0.0015% (±15 PPM) 


Temperature Stability @ Ta = O'C to 60°C 


±0.003% (±15 PPM) 


Calibration Mode 


Parallel resonant 


Shunt Capacitance 


7 pF max. 


Load Capacitance 


18±0.2pF 


Drive Level 


2.5 mW max., Test at 20 nanowatts 


Aging, per Year Max. 


0.0005% (5PPM) 


Oscillation Mode 


Fundamental 


Series Resistance 


25 ohms max. 


Max. Frequency Variation with 16.5 or 19.5 pF 




Load Capacitance 


+0.0035% (+35 PPM) 


Third Lead 


Required 


Sleeving 


Required 
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PACKAGE DIMENSIONS 







Q 




INDEX 




*' 


CORNER 






\ 


1" 




'1 






1 1 










o 


BO 

3 
1 
1 
J 
1 


D 01 D2 c 

1 1 c 






1 
1 

3 














1 
3 








-' 


28 


1 
1 

43,' 



r 



SEATING 
PLANE 



°Xl 



TOP VIEW 



CHAM. J X 45 DEC. 



SIDE VIEW 




D - 
Dl - 
D3- 



u 



mj 






DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MiN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


25.02 25.27 


0.985 0.995 


D1 


24.00 24.26 


0.945 0.955 


D2 


20.19 20.45 


0.795 0.805 


D3 


23.24 23 50 


0.915 0.925 


e 


1.27 BSC 


0.050 BSC 


h 


254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


a 


45" TYP 


45° TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


254 TYP 


0.010 TYP 



EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY CTYP.) 



TYP. FOR EACH AXIS 
[EXCEPT FOR BEVELED EDGE) 

SECTION A-A 



BOTTOM VIEW 



68-Pin PLCC 





i/SEAT 
I PLAN 



ING 
NE 



TOP VIEW 



CHAM. J X 45 DEG. 



SIDE VIEW 




■ D - 

Dl- 

- D3- 



^ 



ETT 



DIM. 


MILOMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


4.14 4.39 


0.163 0.173 


A1 


1.37 1.47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


457 TYP 


018 TYP 


D 


17.45 17.60 


0.687 0.693 


D1 


16.46 16.56 


0.648 0.652 


D2 


12.62 12.78 


0.497 0.503 


D3 


15.75 REF 


0.620 REF 


e 


1.27 BSC 


0.050 BSC 


h 


0.254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


a 


45* TYP 


45° TYP 


R 


0.89 TYP 


0.035 TYP 


R1 


254 TYP 


010 TYP 



EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY (TYP.] 



BOTTOM VIEW 



TYP. FOR EACH AXIS 
(EXCEPT FOR BEVELED EDGE! 



SECTION A-A 



44-Pin PLCC 
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PACKAGE DIMENSIONS 



nUJninUniJJninyninini,. 



) 



"iiTrmTiTiTipi 



1 ^ 



•E2- 
-El- 






DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


41.10 41.61 


1.618 1.638 


B 


17.02 17.23 


0.670 0.690 


C 


3.56 4.58 


0.140 0.180 


D 


0.48 0.56 


0.018 0.022 


El 


19.05 BSC 


0.750 BSC 


E2 


23.50 BSC 


0.925 BSC 


G 


1.27 BSC 


0.050 BSC 


J 


0.18 0.33 


0.007 0.013 


K1 


2.92 3.18 


0.115 0.125 


K2 


4.83 5.34 


0.190 0.210 



64-Pin Plastic QUIP 



rtr»r.rir»rinnriririnnr»nnr»r«riri 




40 21 


1 , 




B 


o 

1 zo 


' ' 


uuuuuuuuuuuuuuuuuuuu 









n-1 



h|^ -^G^ -»j[*-F -*\\*-^ 



-*-/k-M 



DIM. 


MILUMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


51.82 52.32 


2.040 2.060 


B 


13.46 13.97 


0.530 0.550 


C 


3.56 5.08 


0.140 0.200 


D 


0.38 0.53 


0.015 0.021 


F 


1.02 1.52 


0.040 0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 2.16 


0.065 0.085 


J 


0.20 0.30 


0.008 0.012 


K 


3.05 3.56 


0.120 0.140 


L 


15.24 BSC 


0.600 BSC 


M 


r 10* 


r 10* 


N 


0.51 1.02 


0.020 0.040 



40-Pin Plastic DIP 
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INTRODUCTION 

The Rockwell RC2324SME System Module is a smart 
multi-mode modem on a single Eurocard module. The 
hardware includes a 2400 bps full-duplex modem device 
set, a microcomputer, ROM, RAM, a socket for an OEM- 
supplied parameter ROM, and peripheral I/O circuits. The 
OEM adds a power supply, host and telephone line inter- 
faces, indicators, switches and country dependent 
parameters In a ROM to complete the modem. A back-up 
battery and call progress audio monitor hardware can also 
be added. 

Resident microcomputer firmware provides the basic 
modem control Including an enhanced AT command set, 
V.25 bis. Call Progress, Blacklisting, and MNP protocol for 
both class 4 and 5. In addition, a unique open architecture 
with a convenient software structure allows for OEM cus- 
tomization of the product. 




RC2324SME Module 



FEATURES 

• Eurocard 2400 bps modem with integrated 
microcontroller 

• Enhanced AT command set 

• Enhanced V.25 bis protocol for both synchronous and 
asynchronous operation 

• OEM-supplied parameters in ROM for up to 1 6 
countries 

- Call progress parameters 

- Blacklisting parameters 

- Alter AT result codes and messages 

- DAA configuration 

~ Add/disable/rename AT commands 

- Alterable V.25 bis indicator messages 

-- OEM configurable tone/pulse dialing parameters 

• Automatic line mode/speed recognition of CCITT 
modes 

• Compatibilities 

- CCITT V.22 bis - 2400 bps 

- CCITT V.22A/B - 1 200 and 600 bps 

- CCITT V.23 - 1 200 bps/75 bps 

- CCITT V.21 - 300 bps 

- Bell 212A- 1200 bps 

- Bell 103 -300 bps 

• MNP error correcting protocol class 4 and data com- 
pression class 5 

• DTE autobaud/autoparlty in both AT and V.25 bis 

• Synchronous and asynchronous DTE interface 

• Speed buffering from 75 bps to 9600 bps 

• Flow control: RTS/CTS or XON/XOFF with program- 
mable XON/XOFF threshold and repeat margin 

• Receiver dynamic range: -9 dBm to -43 dBm 

• Clock selection: Internal, external, or slave 

• Asynchronous character format 

- 7 or 8 data bits 

- 1 or 2 stop bits 

- Odd, even, mark, space, or no parity 

• Tone detection: 100 Hz ~ 1000 Hz 

• AUX DTE bus (RS-232-CA/.24) 

• Voice data switching 

• Auto/manual call/answer with front panel dial support 

• Leased line mode 

• 550 Hz and 1 800 Hz guard tone 

• 1300 Hz calling tone 
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SYSTEM OVERVIEW 
HARDWARE 

The RC2324SME card includes the following major com- 
ponents: 

• R65012 Microcomputer 
•64Kx 8 System ROM 

• 1 2K X 8 OEM ROM Socket (271 28 or 27256 
compatible) 

•32KX8RAM 

• RC2324DP/DS Modem Device Set 

• DAA Interface 

The R65012 Microcomputer provides the modem control 
processing and interfaces to the DTE. The RC2324DP/DS 
Modem provides 2400 bps modem data pump functions. 
The DAA interface provides signal lines for transmit and 
receive data, two for telephone signal sensing, and four for 
relay control. On-board ROM and RAM contain the resi- 
dent firmware. Country specific parameters are user- 
selectable and discussed in the finnware interface section. 
Figure 1 shows the major system components of the 
RC2324SME module. 



MODES OF OPERATION 

AT Mode 

The RC2324SME AT command set is Hayes compatible. 
Additional compatibility with the Dowty Quattro and 
Microcom AT command set implementations, with em- 
phasis on the European environment, is provided. The AT 
command set and S-register values are listed in Table 1 
and Table 2, respectively. 

V.25 bis Mode 

RC2324SME supports DTE/DCE communication accord- 
ing to CCITT Recommendation V.25 bis. Commands are 
received from the DTE (one command per input line) in 
either synchronous or asynchronous fomnats. Each com- 
mand may contain up to 60 characters of information. The 
V.25 bis command set is summarized in Table 3. 



Hayes is a registered trademark of l-layes Microcomputer Products, Inc. 

Microcom is a trademari( of Microcom. 

Quattro is a trademark of Dowty Information Systems. 
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Figure 1. RC2324SME System Interface Diagram 
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Table 1. RC2324SME AT Command Set Summary 



AT Command 


Function 


AT 


Attention Code 


A 


Answer Mode 


Bn 


Bell/CCITT Command 


D 


Dial Command 


En 


Echo Command 


Fn 


Line Mode/Speed Preference Select 


Hn 


On-Hook Command 


In 


Product Code/Checksum Request 


Ln 


Speaker Volume Command 


Mn 


Speaker On/Off Command 


Nn 


Command Slot Entry Execute 


On 


On-Line Command 


Pn 


Pulse Dial Command 


Qn 


Qui^t Command 


Sn 


S-Regisler Read/Write 


Tn 


Touch Tone Dial 


Vn 


Verbose Command 


Xn 


Extended Result Codes Enable/Disable 


Yn 


Control Long Space Disconnect 


Zn 


Configuration Reset command 


%An 


Set Auto-Reliabie Fallback Character 


%Bn 


Print List of Blacklisted Numbers 


%Cn 


Data Compression (MNP5) Enable/Disable 


%Dn 


Print List of Delayed Numbers 


%En 


Auto-Retrain Enable/Disable 


%Kn? 


Auto Detect Select for MNP Link Request 


%Mn 


Async Commands on Auxiliary Port; Sync DTE on Primary Port 


%Qn 


XON/CTS ON Threshold Selection 


%R 


S-Register Content Display 


%Sn 


XOFF/CTS OFF Threshold Selection 


&An 


Control Une Speed Detect 


&Cn 


Data earner Detect Options 


&Dn 


Data Terminal Ready Options 


&Fn 


Fetch Factory Profile 


&Gn 


Guard Tone Command Set 


&ln 


DTE Speed Adjust 


&Jn 


Telephone Jack Selection 


&Ln 


Leased Line Operation 


&Mn 


Synchronous Mode Selection 


&On 


S-Register Input/Output Format 


&P 


Dial Pulse Ratio 


&R 


RTS/CTS Option 


&Sn 


DSR Option 


&Tn 


Test Command Selection 


&W 


Active Configuration Write 


&Xn 


Clock Source Selection 


&Z 


Store Telephone Number 


\An 


Maximum MNP Block Size Selection 


\Bn 


Transmit Break-to-Remote 


\Cn 


Auto-Detect Link Request/Fallback Select 


\Fn 


Command Directory Display 


\Gn 


Modem-to-Modem Flow Control 


\Kn 


Break Control 


\Ln 


MNP Block Transfer Control 


\Nn 


Operation Mode 


\o 


Originate Reliable Link Manually 


\Pn 


Command Directory Store/Delete 


\Qn 


DTE to SM3 Flow Control 


\s 


Active Configuration Display 


\u 


Accept Reliable Unk Manually 


\Vn 


MNP Result Message Enable/Disable 


\Xn 


ON/XOFF Control Pass Through 


\Y 


Accept Reliable Unk Manually 


\Z 


Normal Mode Select 


/ 


Execute Last Command Line 
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Table 2. RC2324SME V.25 bis Mode Command Set Summary 



V.25 bis Mode Command 


Function 


V.25 bis Commands 




CIC 


Connect Incoming Call 


CRI 


Call Request with Number and Identification 


CRN 


Call Request with Number 


CRS 


Call Request with Stored Number 


Die 


Disregard Incoming Call 


PRI 




PRN 


Store/Delete (Program) Number 


RLD 


Request List of Delayed Numbers 


RLF 


Request List of Forbidden Numbers 


RLI 


Request List of Identification Numbers 


RLN 


Request List of Stored Numbers 


Additional Commands 




ARB* 


Auto-Detect of Link Request/Fallback 


ART 


Auto-Retrain Enable/Disable 


CBT* 


MNP Block Transfer Control 


CLP 


Change Line Protocol 


CNA 


Change Number of Incoming Rings 


CSP* 


Change DTE Speed 


OLN 


Dial Ust Number 


ECH* 


Echo Control 


ERM* 




FBC* 


Specify MNP Auto-Fallback Character 


FLO* 


Pass Through XON/XOFF Control 


MBS* 


Select Maximum MNP Block Size 


OFT* 


Select XOFF (or CTS OFF) Threshold 


ONT* 


Select XON (or CTS ON) Threshold 


OST 


Display On-Line Status 


RES 


Reset System 


SDC* 


Select Data Compression 


SIT* 


Set Inactivity Timer 


SLP 


Select Local Flow Control 


SOM* 


Operation Mode Control 


SPC 


Speaker Control 


SPD 


Set Pulse Dialing 


SPV 


Speaker Volume 


SRF* 


Select Remote Flow Control 


STD 


Set Tone Dialing 


SRF* 


Modem to Modem Fk>w Control 


STD 


Set DTMF Dialing 


* Asynchronous mode only 






HARDWARE INTERFACE 

The hardware interface consists of the external signals 
Shown in Figure 2. 

MAIN DTE BUS 

The Main DTE bus provides the signal lines described in 
Specifications RS-232C and V.24. The bus transmits data 
and commands from the host (DTE) to the RC2324SIVIE 
module (DCE) and receives data and responses from the 
DCE. The signal levels are TTL compatible. The bus also 
provides the clock inputs and outputs for synchronous 
DTEs and three signals for diagnostic testing per CCITT 
Recommendation V.54. The Main DTE bus is selected at 
power-up. 



AUXILIARY DTE BUS 

Under program control, the Auxiliary DTE bus may dupli- 
cate the asynchronous funaions of the Main DTE bus (ex- 
cept for clock and diagnostic signals). 

SWITCH INPUTS 

Fifteen switch inputs are sampled. The four front panel 
switch inputs are read continuously. The eleven internal 
switch inputs are read only at power-up or reset. 

Front Panel Switch Inputs 

Talk/Data (TALK/DATA). The TALK/DATA switch input 
selects data mode or talk mode. In addition, the SELECT 
switch input selects a phone number to be dialed (V.25 bis 
mode) or a command string (AT mode) to be performed 
upon subsequent transitions of TALK to DATA when 
SELECT is on. 
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Figure 2. RC2324SME Hardware Interface Signals 
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Auto Answer (AA)/Originate/Answer (ORG/ANS). The 

AA-ORG/ANS switch input can be used to set or reset auto 
answer (AA) mode from the front panel. The TALK/DATA 
switch input can cause the firmware to pursue a hand- 
shake in originate mode or cause the firmware to hand- 
shake in answer mode. 

Select (SELECT). The SELECT switch Input acts like a 
terminal shift key by changing the meaning of the 
TALK/DATA and AA-ORG/ANS switches. 

Normal/Test (NTST). The NTST switch Input selects 
either normal mode of operation or test mode. 

internal Switch Inputs 

Ciocic Select (CLKSEL). The CLKSEL switch input deter- 
mines whether the transmit clock Is applied to the main 
DTE Bus EXTCLK pin at the operating data rate for 
synchronous operation or whether the data Is 
synchronized to an internal clock. In both cases, the clock 
Is presented to the main DTE bus TXCLK pin. This switch 
input Is used In conjunction with the Clock Normal/Slave 
(N/S) switch. 

Async/Sync Select Switch. The Async/Sync Select 
switch Input selects asynchronous mode or synchronous 
mode 3 of operation. 

Mode 1, 2, 3 and 4 (Ml, M2, M3, M4). The firmware reads 
Ml, M2 M3 and M4 switch Inputs during initialization and 
uses the values as defaults to set the RC2324SME 
modem to recognize one or more specific modem-to- 
modem connection protocols and speeds. 

DTR Override (DTR/OV). The DTR/OV switch input for- 
ces DTR ON or allows the DTE to control the state of DTR. 
DTR/OV affects DTR operation on the Main DTE bus. 

DSR Override (DSR/OV). The DSR/OV switch input for- 
ces the DSR and RLSD outputs ON for both the main and 
auxiliary DTE buses or It allows these signals to act in a 
normal manner. 

Ciocic Normal/Slave (N/S). The N/S switch Input is used 
In conjunction with the CLKSEL switch input. 

V.25 bis/AT Mode Select (V25/A7). The V25/AT switch 
input selects either the AT command set or the V.25 bis 
mode. This Input Is read by the controller firmware during 
initialization and indicates which DTE command set to use. 

Switched Network/Leased Line Select (SN/LL). The 
SN/LL switch Input selects either switched network opera- 
tion or leased line operation. 

INDICATOR INTERFACE 

Nine lines drive front panel indicators. Four lines are as- 
sociated with momentary front panel switches to indicate 
their state. 



Auto Answer (AA) 

The AA output indicates when the auto answer mode Is 
selected. 

Test (TSTIND) 

The TSTIND output Indicates when a self test or Select 1 
condition occurs. Select 1 shows that the user has chosen 
the first of the 4 pre-stored directory numbers selectable 
from the front panel. 

ARQ (ARQ). The ARO output Indicates when the ARQ or 
the Select 2 condition occurs and when not In error correc- 
tion mode. Select 2 shows that the user has chosen the 
second of the four pre-stored directory numbers selectable 
from the front panel. 

Talk/Data Indicator (TDIND). The TDIND output Indicates 
when the modem goes into data mode or a Select 3 con- 
dition occurs. Select 3 shows that the user has chosen the 
third of the 4 pre-stored directory numbers selectable from 
the front panel. 

Mode 1 (M0DE1) and Mode 2 (M0DE2). The M0DE1 
and M0DE2 outputs indicate the connection protocol. 
These indicator lines also show that the user has chosen 
the fourth of the four pre-stored directory numbers selec- 
table from the front panel. 

Line Speed 1 (LS1) and Line Speed 2 (LS2). The LS1 

and LS2 outputs Indicate the connected speed. 

Select (SELIND) Indicator. The SELIND output indicates 
when the SELECT switch in on. This allows for the visual 
ability to determine the current (selected or unselected) 
meanings of multiple defined indicators. 

DAA INTERFACE 

The DAA interface provides the signal lines for transmit 
and receive data. Two lines are used for telephone signal 
sensing and four for relay control. 

CALL PROGRESS VOLUME CONTROLS 

Two output lines control the volume of a call progress 
audio monitor. 

BATTERY CONNECTIONS 

A battery connection supplies standby power to the 
RC2324SME module RAM In order to retain directory and 
configuration data during power-down and intermittent 
power losses. The battery must have a voltage range of 
+2.3 Vdc to +5.5 Vdc. The maximum current consumption 
is 51 \jlA. 
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COUNTRY CODE JUMPERS 

Four country code jumpers select the country code. Each 
jumper combination selects a set of OEM-supplied country 
dependent parameters. The RC2324SME module can be 
customized for up to 16 countries with no other on-board 
changes. 

OEM ROM SOCKET 

A 28-pin 10 socket is provided for installation of an OEM 
supplied EPROM/ROM device that occupies 12K bytes of 
the RG2324SME address map. The interface is com- 
patible with a 270128/270256 EPROM with an access 
time of 150 ns or less. 

MICROCOMPUTER FIRMWARE 

The microcomputer firmware provides the following major 
functions: 

• Operating system 

• Modem device set control and monitoring 

• DTE interface control and monitoring 

• AT command set processing 

• V.25 bis command set processing 

• OEM parameter interface 

OEM PARAMETER INTERFACE 

The firmware provides a well-defined mechanism for the 
installation and incorporation of OEM-supplied pre- 
defined OEM configuration parameters on a country basis 
for up to 16 countries. The parameters are included in an 



OEM-supplied ROM. Jumpers on the RC2324SME card 
allow selection of one of 16 sets of country dependent 
parameters upon power-up reset. 

The OEM parameters are linked to the operating system 
through a set of pointers — one set for each of up to 16 
countries. The pointers are : 

Default AT Command String for AT Command Mode. 

This pointer locates a string of AT style commands which 
the OEM can preset before modem operation in the AT 
command mode. 

Default Command String for V.25 bis mode. This 
pointer locates a string of commands which the O^M can 
preset before modem operation in the V.25 bis mode. 

Call Progress, Blacklisting and Dial Parameters. This 
pointer locates a block of country dependent parameters 
supporting dialing, call progress and blacklist operation. 
Table 3 identifies the parameters that can be included. 

AT Mode Result Messages. This pointer locates a list of 
OEM-modified AT mode messages. The default result 
messages are listed in Table 4. 

V.25 bis Mode Indications. This pointer locates a list of 
OEM-modified V.25 bis mode indications. Table 4 lists the 
default V.25 bis indications. 

OEM Modified AT Commands . This pointer locates a list 
of OEM modified AT commands. 
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Table 3. Country Dependent Parameters 



Table 3. Country Dependent Parameters (Cont'd) 



No. Bytes Parameters I 


1 


Country Code 


3 


Internationai Access Dial Code 


1 


Blacklist Size 


20 


Define Tone-A Filter 


20 


Define Alternate Tone-A Filter 


2 


Progress Tone Filter Threshold 


2 


Connect Threshold Level 


2 


Leased Line Threshold Level 




Transmit Level Attenuation Select 




DTMF Tones Transmit Level 




Leased Line Transmit Level 


2 


Receive Threshold for Dial Tone 


2 


Resented 




Maximum Time to Wait for Dial Tone 




Minimum Time for Which Dial Tone Is Present 




Maximum Allowable Time Dial Tone Loss 


2 


On Time for Primary Tone Cadence 


2 


Off Time for Primary Tone Cadence 


12 


Cadence Ring Parameters 


12 


Cadence Busy Parameters 


12 


Cadence Congestion Parameters 


12 


Cadence Unobtainable Parameters 


12 


Cadence Progress Tone Parameters 


5 


Cadence Repetition Counts 




Difference Maximum Time to No Ring Wait Time 




Maximum Time to Wait for Connect 




Pulse Make Time 




Pulse Break Time 




Pulse Dial Setup Time 




Pulse Dial Clear Time 




Pulse Dial Interdigit Time 




Dial Pulse Code 




Relay Control for On-Hook/Off-Hook Action 




Relay Control for Make/Break Action 




Relay Control for Set/Clear Action 


2 


DTMF Tone On Time 


2 


DTMF Tone Interdigit Time 


8 


Blacklist Action Items 


1 


Reserved 


2 


Minimum Time to Delay Beween Calls 


8 


Blacklist Delay Parameters 


6 


Reserved 


2 


Blacklist Final Delay Time 




Number of Times Blacklist Delay 1 is Used 




Maximum Number of Tries to Fail 




Maximum Number of Tries per Blacklist Period 




Maximum Time Allowed Off-Hook 




Option Flags Byte 1 




Bit Disable All Blacklisting 




Bit 1 Cause Modem To Stop Originate When 




Blacklist is Full 




Bit 2 Disable the Operator Clearing Of Blacklist 




Bit 3 Enable Blind Dialing On No Dial Tone 




Bit 4 Enable Check For Busy While Dialing 




Bit 5 Enable the Calling Tone 




Bit 6 Disable the Return to Command ";" 




Bit 7 Enable Alternate Dial Tone Filter 



No. Bytes Parameters 


1 Option Flags Byte 2 

Bit Enable the 1 800 Hz Guard Tone 


BItl Enable the 550 Hz Guard Tone 


Bit 2 Enable Line Current Sense Processing 
Bit 3 Enable "R" ATD modifier 


Bit 4 Enable Adaptive Dialing Features 
Bit 5 Enable Alternate Gain Relay 
Bit 6 Enable Pulse Grounding Relay 
Bit 7 Disable Monitoring for V.21 and V.23 "No 
Answer Tone" Modems 


Permanently Blacklisted Numbers (variable length) 



Table 4. Result Codes, Messages, and Indications 



AT 


AT Command 


V.25 bis Command 


Code 


Message 


Indication 


00 


OK 


VAL 


01 


CONNECT 


CNX300 


02 


RING 


INC 


03 


NO CARRIER 


CFINC 


04 


ERROR 


INV 


05 


CONNECT 1200 


CNX 1200 


06 


NO DIAL TONE 


CFIDT 


07 


BUSY 


CFIET 


08 


NO ANSWER 


CFIRT 


09 


CONNECT 600 


CNX 600 


10 


CONNECT 2400 


CNX 2400 


12 


RDL GRANTED 


RDL GRANTED 


13 


RDL DENIED 


RDL DENIED 


14 


TRYING TO CONNECT 


N/A 


15 


ABORT 


CFIAB 


18 


INACTIVITY TIMEOUT 


ITO 


17 


CIRCUIT BUSY 


CRNS 


18 


TERMINAL NOT READY 


CFICB 


19 


REDIAUNG 


N/A 


20 


RELIABLE 


RELIABLE 


21 


NOTREUABLE 


NOTREUABLE 


22 


N/A 


EOL 


24 


DELAYED n 


DLC 


25 


V.23 CONNECT 75TX/1200RX 


CNX75TX/1200RX 


26 


V.23 CONNECT 1200TX/75RX 


CNX 1200TX/75RX 


27 


CONNECT 75 


N/A 


28 


CONNECT 110 


N/A 


29 


CONNECT 150 


N/A 


30 


CONNECT 4800 


N/A 


31 


CONNECT 9600 


N/A 


32 


BLACKUSTED 


CFIFC 


33 


REUABLE COMPRESSED 


RELIABLE COMPRESSED 
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GENERAL SPECIFICATIONS 

Modem Power Requirements 



Voltage* 


Current (Typ.) 
@25°G 


Current (Max.) 
@0°C 


+ 5VDC + 5%,-2.5% 
+ 12VDC±5% 
-12VDC±5% 


320 mA 

4mA 

43 mA 


535 mA 

5 mA 

50 mA 


* Input voltage ripple s 0.1 volte peak-to-peak. 



Modem Mechanical Dimensions 



Parameter 


Specification 


Board Structure 


Single PC board with three rows of 32 




vertical pin positions, compatible witfi a 




96-pin DIN receptacle. Each row has 31 




pins installed, witii pins 31 a. 31 b, and 




31c removed for keying. 


Dimensions 




Width 


3.937 in. (100 mm) 


Length 


6.378 in. (162 mm) 


Component Height 




Top (max.) 


0.360 in. (9 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max.) 


5oz.(140g) 


Pin Length (max.) 


0.315 in. (8 mm) 



Modem Environmental Specifications 



Parameter 


Specification 


Temperature 




Operating 


0° C to + 60° C (32° F to 140° F) 


Storage 


- 40° C to + 80° C (-40° F to 176° F) 




(Stored in heat sealed antistatic bag 




and shipping container.) 


Relative Humidity 


Up to 90% noncondensing, or a wet bulb 




temperature up to 35° C, whichever Is less. 


Altitude 


-200 feet to + 10,000 feet 
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DIMENSIONS 



3.937 
(100) 



3.700 
(94) 



0.125 ± 0.003 
(3.18) 



DiA (4PL) 



0.119 
(3.02) 



0.062 
(1.6) 



5.775 
(146.7) 



6.378 



(162) 



0.025 SQ. 
(0.64) 
(96 PL) 



UNITS: INCHES 
MM 



COMPONENT AREA 




0.130 
(3.3) 



(3.18) 
(8.1) 
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RC2324SME/DS 
Multi-Mode Modem Device Set 



INTRODUCTION 

The Rockwell RC2324SME/DS is a smart multi-mode 
modem device set. The device set consist of four com- 
ponents — a microcontroller, a digital signal processor 
(DSP) device, an integrated analog (lA) device, and a 
ASIC gate array. The DSP, microcontroller, and ASIC gate 
array are available in a 64-pin quad in-line package (QUIP) 
or a 68-pin plastic leaded chip carrier (PLCC) package. 
The lA device is available in a 40-pin dual in-line package 
(DIP) or a 44-pin PLCC package. 

Resident microcomputer firmware provides the basic 
modem control including an enhanced AT command set, 
V.25 bis. Call Progress, Blacklisting, and MNP protocol for 
both class 4 and 5. In addition, a unique open architecture 
with a convenient software structure allows for OEM cus- 
tomization of the product. 



FEATURES 

• Enhanced AT command set 

• Enhanced V.25 bis protocol for both synchronous and 
asynchronous operation 

• OEM-supplied parameters in ROM for up to 16 
countries 

- Call progress parameters 

- Blacklisting parameters 

- Alter AT result codes and messages 

- DAA configuration 

- Add/disable/rename AT commands 

- Alterable V.25 bis indicator messages 

- OEM configurable tone/pulse dialing parameters 

• Automatic line mode/speed recognition of CCITT 
modes 

• Compatibilities 

- CCITT V.22 bis - 2400 bps 

- CCITT V.22A/B - 1 200 and 600 bps 

- CCITT V.23 - 1 200 bps/7S bps 

- CCITT V.21 -300 bps 

- Bell 212A- 1200 bps 

- Bell 103 -300 bps 

• MNP error correcting protocol class 4 and data com- 
pression class 5 

• DTE autobaud/autoparity In both AT and V.25 bis 

• Synchronous and asynchronous DTE interface 

• Speed buffering from 75 bps to 9600 bps 

• Flow control: RTS/CTS or XON/XOFF with program- 
mable XON/XOFF threshold and repeat margin 

• Receiver dynamic range: dBm to -43 dBm 

• Clock selection: internal, external, or slave 

• Asynchronous character fonnat 

- 7 or 8 data bits 

- 1 or 2 stop bits 

- Odd, even, mark, space, or no parity 
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R96QT^" 
9600 bps QuickTurn' 



Modem 



INTRODUCTION 

The R96QT is a high-performance 2-wire 9600 bps quick- 
turn modem designed for operation over the public 
switched (PSTN). Using state-of-the-art VLSI and signal 
processing technology, the R96QT combines half-duplex, 
fast turn around time with a low and medium speed full- 
duplex application in one package. 

Providing proprietary fast training times of 23 ms, the 
R96QT is designed as an asynchronous/synchronous 
OEM data pump ideal for PC XT/AT and PS/2 applications. 

The integrated features available in the R96QT 
Micromodem™ offer increased user design flexibility in a 
reduced package size (3.94 in. x 2.56 in.). 



i!31» 





FEATURES 

• Compatibility 

- CCITT V.29 (half-duplex), V.27 ter (half-duplex). 
V.22 bis, V.22A/B 

- Bell 21 2A, 103 

• Synchronous operation 

- 9600,7200,4800,2400,1200,600, 
or 300 bps ±0.01% 

- Serial or parallel 

• Asynchronous operation 

- 2400, 1200, 600, or 0-300 bps 

- Serial or parallel 

- Character length 8, 9, 10, or 1 1 bits 

2-wire full-duplex or high speed psuedo full-duplex 
Adaptive and fixed compromise equalization 
Auto/manual dial - DTMF or pulse dial 
Programmable tone generation and detection 
Call progress tone detection 
Receiver dynamic range: - 10 dBm to - 43 dBm 
Programmable transmit level 
Proprietary fast train of 23 ms 
DTE interface 

- Microprocessor bus 

- CCITT V.24 (RS-232-C compatible) 

Built-in diagnostic capability 

Full-duplex test configurations for V.22 bis, V.22A/B, 
and Bell 21 2A 

- Local analog loopback 

- Local digital loopback 

- Remote digital loopback 

Power consumption: 3 W (typical) 

Small module with dual in-line pin (DIP) connector: 

- 1 00 mm X 64.7 mm (3.94 in. x 2.56 in.) 



R96QT Modem 
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TECHNICAt SPECIFICATIONS 

CONFIQURAtlONS, SIGNALING RATES, AND DATA 
RATES 

The selectable imodem configurations along with the cor- 
responding sigfiialing (baud) rates and data rates, are 
listed in Table 1 . Additional signaling frequencies are listed 
in Table 2. The receiver and transmitter configurations are 
established by th0 RCONF and TCONF bits, respectively. 

NOTE: Bit name$ refer to control bits in DSP interface 
memory which are set or reset by the host processor (see 
Software Interface jSection, Figure 4, and Table 12). 

TONE GENERATION 

Single Tone: Under control of the host processor, the 
modem can generate voice band tones up to 4800 Hz with 
a resolution of 0.15 Hz and an accuracy of 0.01%. Tones 
over 3000 Hz are attenuated. 

Answer Tone: A CCITT (2100 ±15 Hz) or Bell (2225 ±10 
Hz) answer tone is generated depending on the selected 
configuration. 

Guard Tone: An 1800 Hz ± 20 Hz guard tone can be 
enabled (GTE bit). The power level of the transmitted 
guard tone is 6 ± 1 dB below the level of the data power in 
the main channel. The total power transmitted to the line 
is the same whether or not the guard tone is enabled. 

DTMF Tones: Dual tone multi-frequency (DTMF) tones 
can be generated in the Call Request mode (TCONF = 80) 
when the DTMF bit is set to one. The DTMF tone 
generated is specified by the hexadecimal code loaded 



Table 2. Signaling Frequencies 





Frequency ±0.01% 


Mode 


(Hz) 


V.22 bjs Low Channel, Originate Mod(§ 


1200 


V.22 Low Channel. Originate Mode 


1200 


V.22 bis High Channel, Answer Mode 


2400 


V.22 High Channel, Answer Mode 


2400 


Bell 212A High Channel Answer Mode 


2400 


Bell 212A Low Channel Originate Mode 


1200 


Bell 1 03/11 3 Originating Mark 


1270 


Bell 1 03/1 1 3 Originating Space 


1070 


Bell 103/1 13 Answer Mark 


2225 


Bell 1 03/1 1 3 Answer Space 


2025 



into the transmitter Dial Digit Register (DDR) with the ap- 
propriate digit code shown in Table 3. 

TONE DETECTION 

Single Tone: In the 300 bps synchronous FSK receive 
configuration, the presence of tones at preset frequencies 
is indicated by bits in the DSP interface memory (FR1, 
FR2, and FR3). 

Call Progress Tone: When call progress configuration is 
selected in the receiver, tones can be detected as follows: 

Frequency Range: 340 ± 5 Hz to 640 ± 5 Hz 
Detection Level: -10 dBm to -43 dBm 
Response Time: 1 7 ± 2 ms 



Table 1. Configurations, Signaling Rates and Data Rates 







Carrier 


Data 














Frequency 


Rate 




Baud 


Bits 








(H2) 


(bps) 




(Symbols/ 


per 


Constellation 


Configuration 


Modulation^ 


±0.01% 


±0.01% 


Sync/Async 


Sec.) 


Symbol 


Points 


V.29 FT/9600 


QAM 


1700, 1800^ 


9600 


Sync 


2400 


4 


16 


V.29 9600 


QAM 


1700 


9600 


Sync 


2400 


4 


16 


V.29 rr/7200 


QAM 


1700, 1800^ 


7200 


Sync 


2400 


3 


8 


V.29 7200 


QAM 


1700 


7200 


Sync 


2400 


3 


8 


V.29 Fr/4800 


QAM 


1700, 1800^ 


4800 


Sync 


2400 


2 


4 


V.29 4800 


QAM 


1700 


4800 


Sync 


2400 


2 




V.27 Fr/4800 


DPSK 


1800 


4800 


Sync 


1600 


3 


8 


V.27 4800 Long 


DPSK 


1800 


4800 


Sync 


1600 


3 


8 


V.27 FT/2400 


DPSK 


1800 


2400 


Sync 


1200 


2 


4 


V.27 2400 Long 


DPSK 


1800 


2400 


Sync 


1200 


2 


4 


V.22 bis 2400 


QAM 


1200/2400 


2400 


Sync/Async 


600 


4 


16 


V.22 bis 1200 


QAM 


1200/2400 


1200 


Sync/Async 


600 


2 


4 


V.22 1200 


DQPSK 


1200/2400 


1200 


Sync/Async 


600 


2 


4 


V.22 600 


DQPSK 


1200/2400 


600 


Sync/Async 


600 


1 


2 


Bell 21 2A 1200 


QAM 


1200/2400 


1200 


Sync/Async 


600 


2 


4 


Bell 1030-300 


FSK 


1170/2125 


0-300 


Async 


300 


1 


- 


Notes: 1 . Modulation legend: ( 


3AM Quadrature Amplitude Modulation 

DQPSK Differential Quadrature Phase Shift Keying 

=SK Frequency Shitt Keying 








2. V.29 FT modes have an o| 


dtional 1800 Hz earner frequency available for use vy 


nth a user-provid 


ed secondary ch 


annel. 
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Table 3. Dial Digits/Tone Pairs 



Hex 


Dial 




Code 


Digit 


Tone Pairs (Hz) 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


• 


941 1209 


OB 


Spare (B) 


697 1633 


OC 


Spare (C) 


770 1633 


OD 


Spare (D) 


852 1633 


OE 


# 


941 1477 


OF 


Spare (F) 


941 1633 


10 


1300 Hz Calling Tone 



DATA ENCODING 

Tlie data encoding conforms to CCITT recommendations 
V.29, V.27 ter, V.22 bis, and V.22 A/B, and to Bell Inter- 
faces 21 2A and 103. 

EQUALIZERS 

Equalization functions are incorporated to improve perfor- 
mance when operating over low quality lines. Delay, 
amplitude and cable equalizers support half-duplex opera- 
tion only. 

Automatic Adaptive Equalizer 

An automatic adaptive equalizer is provided in the receiver 
circuit. The r'eceiver is configured with a 32-tap T equalizer 
for half-duplex (HDX) operation. Full-duplex (FDX) modes 
operate with a 16-tap T/2 equalizer. Updating of the taps 
can be enabled or disabled (FRZEQ). 

Delay Equalizer 

A digital filter in the transmitter provides envelope delay 
equalization for half -duplex operation. The equalizer can 
be enabled or disabled (CDEQ). 

Amplitude Equalizer 

In V.29 modes, an amplitude compromise equalizer in the 
transmitter path can be enabled or disabled (CAEQ bit). 

Link and Cable Equalizers 

Selectable compromise equalizers in the receiver optimize 
performance over channels exhibiting severe amplitude 
distortion. An equalizer may be selected (CEQSEL) that 
meets the following standards: U.S. Survey Long, 
Japanese 3-Linl<, Cable 1, Cable 2, and Cable 3. No 
equalizer may also be selected. (HDX only) 



TRANSMITTED DATA SPECTRUM 

When the compromise equalizer is disabled, the transmit- 
ter spectrum is shaped by the following raised cosine filter 
functions: 

V.22 bis: Square root of 75%. 

V.29: Square root of 20%. 

V.27 ter 1600 baud: Square root of 50%. 

V.27 ter 1200 baud: Square root of 90%. 

SCRAMBLER/DESCRAMBLER 

A self-synchronizing scrambler/descrambler satisfying the 
applicable CCITT recommendation or Bell interface is in- 
corporated depending on the selected configuration. Both 
the scrambler and the descrambler can be enabled or dis- 
abled (SDIS or DDIS bits, respectively). 

TRANSMIT LEVEL 

The transmitter output level is programmable with a default 
value of -10 dBm ±1 dBm (measured at the TXA output 
pin). Transmit output level is selectable in 2 dBm steps 
from dBm to -1 4 dBm (TLVL). The default amplitudes for 
DTMF tones in the auto dial mode are -4 dBm and -6 dBm 
for the high and low frequencies, respectively. 

TRANSMIT TIMING 

Transmitter timing in full-duplex modes is selectable be- 
tween internal (±0.01%), external, or loopback (TXCLK). 
An external clock must equal the desired data rate ±0.01 % 
with a duty cycle of 50 ± 20%. 

RECEIVE LEVEL 

The receiver satisfies performance requirements for the 
received line signals from -10 dBm to -43 dBm. The 
received line signal Is measured at the Receive Analog 
(RXA) input. 

RECEIVE TIMING 

A frequency error up to ±0.01 % in the associated transmit- 
ting source can be tracked. 

CARRIER RECOVERY 

A frequency offset up to ±7 Hz In the received carrier can 
be tracked with less than a 0.2 dB degradation in bit error 
rate (BER). 

CLAMPING 

Received Data (RXD) Is clamped to a con stant m ark (one) 
when the Received Line Signal Detector (RLSD) is off. 

RECEIVER CARRIER FREQUENCY 

The receiver demodulator carrier frequency is shown in 
Table 1. In V.29FT modes, 1800 Hz or 1700 Hz may be 
selected (RCF and TCF bits). 
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TURN-ON/ TURN-OFF SEQUENCES 

V.29 and V.27 Turn-On Sequence 

The selectable turn-on sequences are generated as 
defined in the Table 4. 

V.29 and V.27 Turn-Off Sequence 

In V.29/FT, V.29, V.27/FT, and V.27 the turn-off sequence 
consists of approximately 8 ms of remaining data and 
scrambled ones. 

V.22 and Bell 21 2A Turn-On/Turn-Off Sequences 

RTS and CTS turn-on and turn-off sequences and times 
for V.22 and Bell configurations are shown in Tables 5 and 
6, respectively. Controlled or constant carrier operation 
can be selected (CC bit). 

ASYNC/SYNC, SYNC/ASYNC CONVERSION 

An asynchronous-to-synchrortous converter is provided in 
the transmitter and a synchronous-to-asynchronous con- 
verter is provided in the receiver. The asynchronous 
character format is 1 start bit, 5 to 8 data bits (CHARO and 
CHAR1), an optional parity bit (PARSLO , PARSL1 , RENO, 
and PEN1), and 1 or 2 stop bits (STBO and STB1). Valid 
character size, including all bits is 8, 9, 10, or 11 bits. 

When the transmitter's converter is operating at the basic 
signaling rate, no more than one stop bit will be deleted per 
8 consecutive characters. Break is handled in the transmit- 
ter and receiver as described in V.22 bis. 

MODES OF OPERATION 

The R96QT can operate synchronously or asynchronous- 
ly, depending on the selected configuration. 

CONTROL MODES (FDX) 

The modem can operate in serial or parallel control modes 
(BUS bit) and in either serial or parallel data mode (RPDM 
and TPDM bits). 

In the serial control mode, standard V.24 (RS- 232 c om- 
atible) interface signals, along with the TLK and ORG sig- 
nals, control the transfer of data between the modem and 
the host (V.22 bis only). The transmitter defaults to serial 
control mode upon power turn-on. 

In the parallel control mode, bits in interface memory cor- 
responding to the V.24 signals control the data transfer. 

In either serial and parallel control mode, the modem is 
configured by the host writing configuration/control bits to 
the DSP interface memory via the microprocessor bus. 

DATA MODES 

Serial or parallel data mode can be separately selected for 
the transmitter and receiver (TPDM and RPDM bits, 
respectively). In parallel data mode, channel data is trans- 
ferred 8-bits at a time between the host and the modem 
over the microprocessor bus. 



Table 4. High Speed RTS-CTS Response Times 



Configuration 


RTS/CTS Response Time (ms) 


V.29 FT/9600 


23 


V.29 FT/7200 


24 


V.29 FT/4800 


23 


V.29 9600, 7200, or 4800 


253 


V.27 FT/4800 


22 


V.27 4800 long 


708 


V.27 FT/2400 


30 


V.27 2400 long 


943 


Note: V.29 RTS-CTS response time is 438 ms when 


preceded by an echo protector. 



Table 5. Medium Speed RTS Responses 





Constant 


Controlled 


RTS Transition* 


Carrier 


Carrier 


ON to OFF 


CTS OFF, 


CTS OFF, 




carrier ON, 


carrier OFF 




scrambled Is 






transmitted 




OFF to ON 


CTS ON, 


carrier ON, 




carrier ON, 


21 ms to 275 ms 




data transmitted 


scrambled 1s 
transmitted, 
data transmitted 


* After handsha 


ke is complete. 





Table 6. Medium Speed CTS Response Times 



CTS Transition 


Constant 
Carrier 


Controlled 
Carrier 


OFF to ON 
ON to OFF 


<2ms 
<20ms 


210 to 275 ms 
20 ms* 


* Programmable 



In the receiver serial data mode, received data is output 
only to the IRXD pin. In the receiver parallel data mode, 
received data Is output simultaneously to the Receive Data 
Register (RXDATA) in Interface memory and to the RXD 
pin. 

In the transmitter serial data mode, transmitted data is ob- 
tained from the TXD input pin. In the transmitter parallel 
data mode, transmitted data Is obtained from the Transmit 
Data Register (TXDATA) in interface memory. 

In parallel asynchronous data mode, the R96QT operates 
like a universal asynchronous receiver/transmitter (DART) 
except in BELLI 03 configuration. The length of the break 
signal is determined by the BRKSO and BRKS1 bits for the 
transmitter and receiver, respectively. 
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HARDWARE INTERFACE SIGNALS 

The Functional Interconnect Diagram (Figure 1) shows the 
typical modem connection in a system. In this diagram, 
any point that is active low is represented by a small circle 
at the signal point. 

Edge triggered inputs are denoted by a small triangle (e.g., 
TDCLK). Open-Collector (open-source or op en-dr ain) out- 
puts are denoted by a small half- circle (e.g., IRQ). Active 
low signals are overscored (e.g., POR). 

A clock intended to activate logic on its ri sing edg e (low- 
to-high transition) is called active low (e.g., RDCLK), while 
a clock intended to activate logic on its falling edge (high- 
to-low transition) is called active high (e.g., TDCLK). When 
a clock input is associated with a small circle, the input ac- 
tivates on a falling edge. If no circle is shown, the input ac- 
tivates on a rising edge. 

The functional interconnect signals shown in Figure 1 are 
organized Into seven functional groups: overhead, 
microprocessor interface, V.24 Interface, analog, line in- 
terface, ancillary and diagnostic. These signals, along with 
their connector pin numbers and interface circuit types, are 
listed in Table 7. The digital and analog interface charac- 
teristics are defined in Tables 8 and 9, respectively. 



POWER-ON-RESET 

When power Is ap plied to the modem, the modem pulses 
Power-On- Reset (POR) low to begin the POR sequence. 
The modem Is rea dy for use 350 ms after the low-to-high 
transition of POR. The POR sequence is reinitiated any 
time the +5V supply drops belo w +3. 5V for more than 30 
ms, o r an external device drives POR low for at least 3 [iS. 
POR is not pulsed low by the modem when the POR se- 
quence is initiated externally. The POR sequence initial- 
izes the modem interface memory (Table 12) to default 
values. This action leaves the modem configured as fol- 
lows: 

V.22 bis synchronous 2400 bps 

Serial data mode 

T/2 equalizer 

-43 dBm receiver threshold 

Constant carrier 

Answer mode 

-10 dBm transmit level 

NOTE: If the modem is used in applications where the 
supply voltage can drop below + 4.75V but not low enough 
to cause a POR sequence (i.e., <+3.5V), the host system 
should generate a POR signal upon supply voltage 
recovery to ensure proper modem initialization and opera- 
tion. 
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Figure 1. R96QT Functional Interface Signals 
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Table 7. R96QT Hardware Interface Signals 



Table 7. R96QT Hardware Interface Signals (Cont'd) 





I/O 


DIP 




Name 


Type 


Pin No. 


Description 


OVERHEAD 








GND(A) 


AGND 


27,28 


Analog Ground Return 


GND(D) 


DGND 


32,36, 
51 


Digital Ground Return 


+5V 


PWR 


9,14, 
55 


+5 Volt Supply 


+12V 


PWR 


29 


+12 Volt Supply 


-12V 


PWR 


31 


-12 Volt supply 


POR 


IB/OB 


4 


Power-On-Reset 


PROCESSOR 








D7 


lA/OA 


50 


Data Bus Bit 7 


D6 


lA/OA 


49 


Data Bus Bit 6 


D5 


lA/OA 


48 


Data Bus Bit 5 


D4 


lA/OA 


47 


Data Bus Bit 4 


D3 


lA/OA 


46 


Data Bus Bit 3 


D2 


lA/OA 


45 


Data Bus Bit 2 


D1 


lA/OA 


44 


Data Bus Bit 1 


DO 


lA/OA 


43 


Data Bus Bit 


RS3 


lA 


3 


Register Select 3 


RS2 


lA 


58 


Register Select 2 


RSI 


lA 


57 


Register Select 1 


RSO 


lA 


40 


Register Select 


CSO 


lA 


2 


Chip Select Transmitter 


081 


lA 


42 


Chip Select Receiver 1 


CS2 


lA 


60 


Chip Select Receiver 2 


READ 


lA 


61 


Read Enable 


WRITE 


lA 


59 


Write Enable 


IRQ 


OB 


1 


Interrupt Request 



Name 


I/O 
Type 


DIP 
Pin No. 


Description 


V.24 

XTCLK 

TDCLK 

RDCLK 

RTS 

CTS 

TXD 

RXD 

RLSD 

DTR 

DSR 

Rl 


IB 

OC 

OC 

IB 

OC 

IB 

OC 

OC 

IB 

OC 

OC 


5 

6 

38 

10 

8 

11 

35 

37 

16 

13 

23 


External Transmit Clock 

Transmit Data Clock 

Receive Data Clock 

Request-To-Send 

Clear-To-Send 

Transmit Data 

Receive Data 

Receiver Line Signal Detector 

Data Terminal Ready 

Data Set Ready 

Ring Indicator 


ANALOG 

TXA 
RXA 


AA 
AB 


26 
30 


Transmit Analog Output 
Receiver Analog Input 


LINE 

RD 
OHRC 


IB 
OC 


22 
18 


Ring Detect 
Off-Hook Relay Control 


ANCILLARY 

TBCLK 
RBCLK 
ORG 
TLK 


OC 
OC 
IB 
IC 


7 
12 
17 
19 


Transmit Baud Clock 
Receive Baud Clock 
Originate 
Talk 


DIAGNOSTIC 

EYEX 
EYEY 
EYECLK 
EYESYNC 


OC 
OC 
OA 
OA 


52 
56 
54 
53 


Eye Pattern Data X-Axis 

Eye Pattern Data Y-Axis 

Eye Pattern Clock 

Eye Pattern Synchronizing 
Signal 


NOTES: 

1 . Digital and analog I/O types are described in Tables 8 and 9. 

2. DIP connector pins 24, 25, 33, 34, 39 and 41 are not used. Leave 
these pins disconnected (i.e., open). 

3. Unused inputs tied to +5V or ground require individual 10 KQ 
series resistors. 



Table 8. Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output 1 


rvpe 1 


lA 


IB 


IC- 


OA 


OB 


OC 


OD^ 


VlH 


Input High Voltage 


V 


2.0 min. 


2.0 min. 


Vcc -0.5 max. 










ViL 


Input Low Voltage 


V 


0.8 max. 


0.8 max. 


0.5 max. 










llN 


Input Leakage Current 


^lA 


2.5 max. 




11 max. 










VOH 


Output High Voltage 


V 








3.5 min."" 


3.5 min.^ 






Vol 


Output Low Voltage 


V 








0.4 max.2 


0.4 max.^ 


0.4 max.^ 




loH 


Output High Current 


mA 








-0.1 max. 


-0.1 max. 




- 0.001 max. 


lOL 


Output Low Current 


mA 








1 .6 max. 


0.8 max 


1 .6 max. 


0.001 max. 


II 


Output Leakage Current 


MA 








±10 max. 


±10 max. 






Ipu 


Pull-Up Current 
(Short Circuit) 


MA 




- 240 max. 
- 10 min. 




- 240 max. 
- 10 min. 








Cl 


Capacitive Load 


pF 


5 


20 


10 










Cd 


Capacitive Drive 


PF 








100 


100 


100 


50 




Circuit Type 




TTL 


TTL 
w/pull-up 


CLK 


TTL 
3-state 


TTL 
3-state 


TTL 
3-state 


CLK 


NOTES: 










1.1 Load = -100 nA 
2. 1 Load = 1 .6 mA 
3. 1 Load - 0.8 mA 


4. Input waveform must be symmetric within 20%. 

5. Loads on 1 2 MHz and 6 MHz outputs must be balanced within 20 


%. 
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Table 9. Analog Signal Characteristics 



Name 


Type 


Characteristic 


TXA 


AA 


The transmitter output impedance is 
604 Q ±1 % with an output level of 
0.488 Vrms. To obtain a - 1 dBm 
output, an external 600 Q load to 
ground Is needed. 


RXA 


AB 


The receiver input impedance is 

21 K Q ±1 %. The receive level at RXA 

must be no greater than -1 dBm. 



MICROPROCESSOR INTERFACE 

Eighteen address, data, control and interrupt hardware in- 
terface signals implement an 8085 compatible parallel 
microprocessor interface to a host processor. 

This parallel Interface allows a host processor to change 
modem configuration, read or write channel and diagnos- 
tic data, and supervise modem operation by writing control 
bits and reading status bits. The significance of the control 
and status bits, along with the methods of data inter- 
change, are discussed in the Software Interface Section. 

Data Lines (D0-D7) 

Eight bidirectional data lines (D0-D7) provide parallel 
transfer of data between the host and the modem. The 
most significa nt bit is D7. Data direction is controll ed by the 
Read Enable (READ) and Write Enable (WRITE) signals. 

Chip Select (CS0-CS2) and Register Selects 
(RS0-RS3) 

Three active low chip select lines (CS0-CS2) select one of 
three modem digital signal processor (DSP) devices. The 
four active high register select lines (RS0-RS3) address in- 
terface memory registers within the selected DSP inter- 
face memory. All seven of these lines are typically 
connected to the host bus address lines; the register select 
lines to the four least significant lines (A0-A3) and the chip 
select lines to the next two significant lines (A4-A5) 
through a decoder. 

The selected DSP decodes RSO through RS3 to address 
one of 16 internal interface memory registers (0-F). The 
most significant address bit is RS3 white the least sig- 
nificant address bit is RSO. The selected register can be 
read from or written into via the 8-bit parallel data bus (DO 
-D7). 



Read Enable (READ) and Write Enable (WRITE) 
During a read cycle, data from the selected DSP interface 
memory register is gated onto the data bus by means of 
three-state drivers in each DSP. These drivers force the 
data lines high for a one bit, or low for a zero bit. When not 
being read, the three-state drivers assume their high-im- 
pedance (ofO state. 



During a write cycle, data from the data bus is copied into 

the selected DSP interface memory register, with high and 

low bus levels representing one and zero bit states, 

respectively. 

The read/write timing waveforms are illustrated in Figure 2 

and the timing requirements are specified in Table 10. 

Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be con- 
nected to the host processor interrupt request input in 
order to interrupt hos t pro gram execution for immediate 
modem service. The IRQ output can be enabled in the 
DSP interface memory to indicate immediate change of 
conditions In any of the three modem DSP devices. The 
use of IRQ is optional depending upon modem application. 
Refer to the Software Considerations Section for a sum- 
mary of the modem interrupt bits, interrupt conditions and 
interrupt clearing procedures. 

The DSP IRQ output structure is an open-drain field-effect- 
transistor (FET). Each of the individual DSP IRQ output 
lines is wire-ORed to fo rm th e composite modem IRQ out- 
put signal . The modem IRQ output can also be wire-ORed 
with other IRQ lines in the application system. Any of these 
sources can drive the host interrupt input low. The host in- 




)-CS2 V 



♦- ♦ *TDH 



*-TCH TCS*. 




-^D — C:^ 



Figure 2. Microprocessor Interface Waveforms 



Table 10. Microprocessor Interface Timing 



Parameter 


Symbol 


Min. 


Max. 


Units 


CSi.RSi setup time 


TCS 


30 


_ 


ns 


Data access time 


TDA 


- 


140 


ns 


Data hold time 


TDH 


10 


50 


ns 


CSi, RSi hold time 


TCH 


10 


- 


ns 


Write data setup time 


TWOS 


75 


- 


ns 


Write data hold time 


TDHW 


10 


- 


ns 


Write strobe pulse width 


TWR 


75 


■ - 


ns 
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terrupt servicing process normally continu es un til all inter- 
rupt requests have been serviced (i.e., all IRQ lines have 
returned high). 

Because of the open-drain structure of IRQ, an ext ernal 
pull-up resistor to +5V is required at some point on the IRQ 
line. The resistor value should be small enough to pull the 
IRQ line high when all IRQ drivers are off (i.e., it must over- 
come the leakage currents). The resistor Value should be 
large enough to limit the driver sink current to a level ac- 
ceptable to each driver. If only the modem IRQ output Is 
used, a resistor value of 5.6K ohms ±20%, 0.25W, is suf- 
ficient. 

V.24 INTERFACE 

Eleven hardware circuits provide timing, data and control 
signals for implementing a CCITT Recommendation V.24 
compatible serial Interface. These signals are TTL com- 
patible in order to drive the short wire lengths and circuits 
normally found within stand-alone modem enclosures or 
equipment cabinets. For driving longer cables, the voltage 
levels and connector arrangement recommended by El A 
standard RS-232-C are preferred. 

Most V.24 hardware interface signals have a correspond- 
ing bit in DSP interface memory. In general, the hardware 
interface signals are complemented with res pect t o their 
corresponding interface memory bits, e.g., RTS signal 
low= RTS bit set to a 1 . 

For fu ll-dup l ex op eration, the hardware control input sig- 
nals (DTR, RTS, TLK, and ORG) are valid when the 
modem is in the serial control mode (BUS = 0). Their state 
is ignored when the modem is in the parallel control mode 
(BUS= 1). 

For h alf-duplex operation, the modem logically ORs the 
RTS input signal with the RTS Interface memory bit to form 
the resultant control signal regardless of the state of the 
BUS bit. 

Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the 
host on the Transmitted Data (TXD) input (transmitter 
serial data mode) or from the Transmit Data Register 
(TXDATA) register in interface memory (transmitter paral- 
lel data mode). 

Received Data (RXD) 

The modem presents received serial data to the host on 
the Received Data (RXD) outputs in both receiver serial 
and parallel data modes) and to the Receive Data Register 
(RXDATA) register in interface memory in receiver parallel 
data mode. 

Request To Send (RTS) 

Request to Send (RTS) inp ut low causes the modem to 
transmit data on T XD wh en CTS becom es act ive. In con- 
stant carrier mode, RTS can be wired to DTR. In co ntrol- 
led carrier operation, independent operation of RTS turns 



the carrier ON and OFF. The responses to RTS are shown 
in Table 5 (when the modem is in data mode). 

Clear To Send (CTS) 

Clear to Send (GTS) active indicates to the host th at the 
modem will transmi t any data present on TXD. CTS 
response times from RTS active are shown in Table 6. 

Data Terminal Ready (DTR) (FDX only) 

Data Terminal Ready (DTR) active initiates the handshake 
sequence when DATA = 1 . In answer mode, the transmit- 
ter will i mmed iately send answer tone. In data mode, deac- 
tivating DTR causes the transmitter to turn-off and return 
to the idle state. 

Data Set Ready (DSR) (FDX only) 

Data Set Ready (DSR) output l ow in dicates that the 
modem is in the data transfer state. DSR OFF is an indica- 
tion that the DTE is to disregard al l sign als appearing on 
the Interchange circuits-except Rl. DSR will swit ch to t he 
OFF state when in test state. The ON condition of DSR In- 
dicates the following conditions: 

1 . The modem Is not in the talk state, I.e., an 
associated telephone handset is not in control of 
the line. 

2. The modem is not in the process of automatically 
establishing a call via pulse or DTMF dialing. 

3. The modem has generated an answer tope or 
detected answer tone. 

4. After Ring Indicator (R?) goes ON, DSR waits at 
least two seconds before turning ON to allow the 
telephone company equipment to be engaged. 

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus 
a maximum of 4 seconds when the SSD bit Is enabled. 



Received Line Signal Detector (RLSD) 

RLSD Response 

For Fast Train configurations, the receiver enters the train- 
ing state upon detecting a significant increase in the 
received signal power. If the received line signal power is 
greater than the selected threshold level at the end of the 
training state, the receiver enters the data state and RLSD 
is activated. If the received line signal power is less than 
the threshold level at the end of the tra ining state, the 
receiver returns to the idle state and RLSD Is not activated. 

Also, in Fast Train configurations, the receiver initiates the 
turn-off delay upon detecting a significant decrease in the 
received signal power. If the received signal power is less 
than the selected threshold at the en d of the turn-off delay, 
the receiver enters the idle state and RLSD is deactivated. 
If the received signal power is greater than the selected 
threshold at the end of the turn-o ff delay, the receiyer 
returns to the data state and RLSD is left active. 
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RLSD on-to-off response times are: 

Configuration Response Time 

V.29 FT 6.5 ± 1 ms 

V.29 30 ± 9 ms 

V.27 FT 8 ± 1 ms 

V.27ter 10 ± 5 ms 



characteristics of TDCLK. The XTCLK input is then 
reflected at TDCLK. 



RLSD response times are me asured with a signal at least 
3 dB above the actual R LSD on threshold or at least 5 dB 
below the actual RLSD off threshold. 



RLSD Threshold 



The RLSD thresholds are fixed in FDX and selectable in 
HDX (see RTH bits): 



iyiode 

FDX 
HDX1 
HDX2 
HDX3 



RLSD ON 

a; -43 dBm 
2: -43 dBm 
^ -33 dBm 
fe -26 dBm 



RLSD OFF 

s -48 dBm 
s -48 dBm 
s -38 dBm 
<: -31 dBm 



RLSD will not respond to a guard tone or an answer tone. 

For CCITT configurations, a minimum hysteresis action of 
2 dB exists between the actual on-to-off transition levels. 
In half-duplex modes, the threshold level and hysteresis 
action are measured with an unmodulated 2100 Hz tone 
applied to the Receiver Analog (RXA) input . In full-duplex 
modes, regular data is used. 

Ring Indicator (Rl) (FDX only) 

The modem provides a Ring Indicator (Rl) output; its low 
state indicates the presence of a ring signal on the line. 
The low condition appears approximately coincident with 
the ON segment of the ring cycle (during rings) on the com- 
munication channel. (The ring signal cycle Is typically two 
seconds ON, four seconds OFF.) The high condition of the 
Rl output is maintained during the OFF segment of the ring 
cycle (between rings) and at all other tinies when ringing 
is not being received. T he op eration of Rl is not disabled 
by an OFF condition on DTR. 

Rl will respond to ring signals applied on RD in the fre- 
quency range of 15.3 Hz to 68 Hz. 

Transmit Data Clock (TDCLK) 

The modem provides a Transmit Data Clock (TDCLK) out- 
put with the following characteristics: 

Frequency, Data rate ±0.01%. 

Duty Cycle. 50 ±1%. 

TDCLK is provided to the user in synchronous com- 
munications. Transmit Data (TXD) must be stable during 
the one \is period immediately preceding and following the 
rising edge of TDCLK. 

External Transmit Ciocit (XTCLK) 

In synchronous communication, where the user needs to 
supply the transmit data clock, the input XTCLK can be 
used. The clock supplied at XTCLK must exhibit the same 



Receive Data Clock (RDCLK) 

The modem provides a Receive Data Clock (RDCLK) out- 
put in the form of 50 ±1 % duty cycle squarewave. The low- 
to-high transitions of this output coincide with the center of 
received data bits. The timing recovery circuit is capable 
of tracking a ±0.01% (relative) frequency error in the as- 
sociated transmit timing source. 

RDCLK is provided in b oth asy nchronous and 
synchronous communications. RDCLK is not necessary in 
asynchronous communications but i t can be used to supp- 
ly a clock for UART/USART timing. RDCLK is necessary 
for synchronous communication. 

ANALOG INTERFACE 

Transient protection for TXA and RXA is recommended 
when interfacing directly to a transformer. This protection 
may take the form of back-to-back zener diodes or a varis- 
tor across the transformer. The characteristics of signals 
TXA and RXA are summarized in Table 9. 

Transmit Analog (TXA) 

The Transmit Analog (TXA) output can drive an audio 
transformer or data access arrangement. TXA is a low im- 
pedance amplifier output in series with an internal 604 
ohm ±1% resistor to match a standard telephone load of 
600 ohms. 

Receive Analog (RXA) 

The Receive Analog (RXA) input can originate from an 
audio transformer or data access arrangement. The input 
impedance is nominally 21 K ohms. The RXA input must 
be shunted by an external 604 ohm ±1 % resisjor in order 
to match a 600 ohm source. 

LINE INTERFACE 

Ring Detect (RD) (FDX only) 

RD indicates to the modem by an ON (low) condition that 
a ringing signal is present. The signal (a 4N35 optoisolator 
compatible output) into the RD input should not respond to 
momentary bursts of ringing less than 125 ms in duration. 
The ring, if within 1 5 Hz to 68 Hz, is reflected on Rl (if this 
method of ring detection has been selected, and ringing 
detection is active.) 

Off-Hook Relay Control (OHRC) (FDX only) 

The OHRC output can be used as the input to an external 
relay driver to drive the Off-Hook (OH) relay when control 
bit RA is set high. OHRC high indicates the OH relay is to 
be closed and the modem is to be connected to the 
telephone line (off-hook). OHRC low indicates the OH 
relay is to be opened (on-hook). 
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ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and Receiver Baud 
Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud 
Clock (RBCLK) outputs have no counterpart in the V.24 or 
RS-232-C recommendations since they mark the baud in- 
terval rather than the data rate for the transmitter and 
receiver, respectively. These baud clocks are useful in 
identifying the order of data bits in a baud (e.g., for multi- 
plexing data). Both signals are active high. The high-to-low 
transition of each baud clock coincides with a high-to-low 
transition of the respective data clock. These clocks are 
held permanently high when the modem is configured for 
V.21 channel 2 operation. 

Talk (TLK) (FDX only) 

TLK input low manually places the modem in idle mode. 
TLK high manually initiates the handshake sequence and 
places the modem in data mode. 

Originate (ORG) (FDX only) 

ORG i nput m anually places the modem in the originate 
mode (ORG low) or the an swer m ode (O RG h igh). To 
manually originate a call s et ORG low and TLK high. To 
manually answer a call, set ORG high and TLK high. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to 
create an oscilloscope quadrature eye pattern. The eye 
pattern is simply a display of the received baseband con- 
stellation. By observing this constellation, common line 
distrubances can usually be identified. Timing of these sig- 
nals is illustrated in Figure 3. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit 
streams containing data for display on the oscilloscope X 
axis and Y axis, respectively. This serial digital data must 



EYEX, 
EYEY 



j~L_n,n_rL 



MSE 



Figure 3. Eye Pattern Timing 



first be converted to parallel digital form by two serial-to- 
parallel converters and then to analog form by two digital- 
to-analog (D/A) converters. 

EYEX and EYEY outputs are 1 5-blt words, each with 8-bits 
of significance. The 1 5-bit data words are shifted out most 
significant bit first with the seven most significant bits equal 
to zero. EYEX and EYEY are clocked by the rising edge of 
EYECLK. 

EYECLK 

EYECLK is a clock for use by the serial-to-parallel con- 
verters. The EYECLK output is a 288 kHz clock which is 
Internally divided to create the Receiver Baud Clock 
(RBCLI^. EYECLK is also a common multiple of all the 
po ssible re ceiver data clocks. The low-to-high transitions 
of RDCLK coincide with the low-to-high transitions of 
EYECLK. EYECLK, therefore, can be used as a receiver 
multiplexer clock. 

EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 
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SOFTWARE INTERFACE 

Modem functions are implemented in firmware executing 
in three DSP devices: a transmitter device, a receiver 
sample rate device, and a receiver baud rate device. 

INTERFACE MEMORY 

Each DSP communicates with the host processor by 
means of a dual-port, interface memory. The interface 
memory in each DSP contains sixteen 8-bit registers, 
labeled register through F. Each register can be read 
from, or written into, by both the host and the DSP. The 
host communicates with the DSP interface memory via the 
microprocessor bus shared between the three DSPs. 

The host can control modem operation by writing control 
bits to DSP interface memory and writing parameter 
values to DSP RAM through the interface memory. The 
host can monitor modem operation by reading status bits 
from DSP interface memory and reading parameter values 
from DSP RAM through interface memory. 



INTERFACE MEMORY MAPS 

Memory maps of the 16 addressable registers in the 
modem transmitter (chip 0), receiver sample rate (chip 1), 
and receiver baud rate (chip 2) devices are shown In 
Figure 4. These 8-bit registers may be read or written to 
during any host read or write cycle. In order to operate on 
a single bit or group of bits in a register, the host proces- 
sor must read a register then mask out unwanted data. 
When writing a single bit or group of bits in a register, the 
host processor must perform a read-modify-write opera- 
tion. That Is, the host must read the entire register, set or 
reset the necessary bits without altering the other register 
bits, then write the unaffected and modified bits back into 
the interface memory register. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 12 defines the individual bits in the interface 
memory. In the Table 12 descriptions, bits in the interface 
memory are referred to using the format Y:Z:Q. The chip 
number is specified by Y (0, 1 or 2), the register number 
by Z (0 through F), and the bit number by Q (0 through 7, 
= LSB). 
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'n^nsmitter Interface Memory Chip (CSO) 



Register 


Bit 1 


7 


6 


5 


4 


3 


2 


1 







WRTO 


RAM ACCESS CODE CHIP (ACCO) 




TIA 


NSIEO 


NEWSO 


- 


NEWCO 


TIE 


- 


TBA 




— 


- 


— 


- 


- 


- 


- 


- 




- 


- 


_ 


- 


- 


- 


- 


- 




TLVL 


- 


- 


- 


- 






— 


- 


— 


- 


— 


- 


CTS 


DSR 




NV25 


ASCR 


RTRN 


- 


TCF 


CDEQ 


DATA 


DTMF 




BUS 


- 


ORG 


GTE 


- 


- 


SSD 


RA 




RTS 


TTDIS 


SDIS 


MHLD 


EPT 


TPDM 


TXCLK 




TRANSMITTER CONFIGURATION (TCONF) 




CHARO 


PENO 


PARSLO 


STBO 


BRKSO 


DIABT 


CAEQ 




ALO 1 RDLEO 


STO 


CC 


ASYNCO 


RDLO 


DLO 


DTR 


3 


X RAM DATA MSB (XDAMO) 


2 


X RAM DATA LSB (XDALO) 


1 


FREQMA' RAM DATA MSB (YDAMO) 





DDR/TXDATA/FREQUY RAM DATA LSB (YDALO) 


Note: (— ) indicates reserved for modem use oniy. 



Receiver Interface Memory Chip 1 (CS1) 



Receiver Interface Memory Chip 2 (CS2) 



Register 


E 


it 


7 


6 


5 


4 


3 


2 


1 





F 


WRT1 


RAM ACCESS CODE CHIP 1 (ACC1) 


E 


RIA1 


NSIE1 


NEWS1 


- 


NEWC1 


RIE1 


- 


RBA1 


D 


- 


- 


— 


- 


- 


- 


— 


— 


C 


- 


- 


- 


- 


- 


- 


- 


- 


B 


- 


- 


— 


- 


- 


- 


- 


- 




— 


— 


— 


— 


- 


- 


- 


— 




- 


FED 


- 


- 


PE 




TONE 


- 


CDET 




- 


- 


— 


- 


P5Drr 


- 


FE 


- 




RTH 


DDIS 


— 


- 


RCF 


RDIS 


- 




RECEIVER CONFIGURATION (RCONF) 




CHAR1 


PEN1 


PARSL1 


STB1 


RPDM |bRKS1 1 - 




- 1 - 


- 


- 


ASYNC1 


CEQSEL 


3 


X RAM DATA MSB (XDAM1) 


2 


X RAM DATA LSB (XDAL1) 


1 


Y RAM DATA MSB (YDAM1) 





RXDATA/ Y RAM DATA LSB (YDAL1) 


Note: (— ) indicates reserved for modem use oniy. 



Register 


Bit 


7 


6 


5 


4 


3 


2 


1 





F 


WRT2 


RAM ACCESS CODE CHIP 2 (ACC2) 


E 


RIA2 


NSIE2 


NEWS2 


- 


NEWC2 


RIE2 


- 


RBA2 


D 


- 


- 


- 


- 


— 


- 


- 


- 


c 


FR3 


FR2 


FR1 


- 


— 


- 


- 




PNDEl 


B 


- 


- 


- 


- 


— 


- 


- 


- 


A 


- 


- 


- 


- 


- 


— 


- 


- 


9 


- 


- 


- 


- 


— 


— 


- 


- 


8 


- 


- 


— 


— 


- 


— 


- 


- 


7 


- 


- 


- 


- 


- 


— 


- 


FRZEQ 


6 


- 


- 


- 


— 


- 


- 


— 


- 


5 


- 


- 


TONEA 


TM 


Rl 


SPEED 


4 


AL2 


RDLE2 


ST2 


RSD 


LCD 


RDL2 1 DL2 1 CL 


3 


X RAM DATA MSB (XDAM2) 


2 


X RAM DATA LSB (XDAL2) 


1 


Y RAM DATA MSB (YDAM2) 





Y RAM DATA LSB (YDAL2) 


Note: (— ) indicates reserved for modem use oniy. 



Figure 4. R96QT DSP Interface Memory Map 
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Table 12. R96QT Interface Memory Bit Definitions 



Mnemonic 


Memory 
Location 


Default 
Value (Hex) Name/Description 


ACCO 


0:F:0-7 





RAM Access Code Chip 0. Register ACCO contains the RAIVI access code used in read- 
ing RAM locations in tlie transmitter device. 


ACC1 


1:F:0-7 





RAM Access Code Chip 1. Register ACC1 contains the RAM access code used in reading 
RAM locations in the receiver sample device. 


ACC2 


2:F:0-7 





RAM Access Code Chip 2. Register ACC2 contains the RAM access code used in reading 
RAM locations in the receiver baud device. 


ALO 


0:4:7 





Local Analog Loopback Chip 0. 


AL2 


2:4:7 





Local Analog Loopback Chip 2. When both ALO and AL2 are 1 , the modem will go 
through an analog loopback according to recommendation V.54 loop 3. The modem may be 
placed in analog loopback in either idle or data mode. However, when ALO or AL2 is a 1 in 
data mode, the connection Is terminated. AL2 must be set first, followed by ALO. (V.22, V.22 
bis, V.22 A/B, and Bell 21 2A) (FDX) 


ASCR 


0:9:6 





Append Scrambled Ones. When ASCR is a 1 , one baud of scrambled mark is included in 
the V.29 FT and V.27 FT training sequence. The RTS-CTS delay is thus extended by 1 
baud period when ASCR is a 1 . (HDX) 


ASYNCO 


0:4:3 





Asynchronous Mode Chip 0. When ASYNCO is a 1 , asynchronous data mode is selected 
in the transmitter. When ASYNCO is a 0, synchronous data mode is selected. (FDX) 


ASYNC1 


1:4:3 





Asynchronous Mode Chip 1. When ASYNC1 is a 1 , asynchronous data mode is selected 
in the receiver. When ASYNC1 is a 0, synchronous data mode is selected. (FDX) 


BRKSO 


0:5:1 





Break Sequence Chip 0. When control bit BRKSO is a 1 , the modem will send continuous 
space. When BRKSO is a 0, the modem will transmit data from TXDATA (TPDM = 1). (FDX) 
(Asynchronous operation only) 


BRKS1 


1:5:1 


" 


Break Sequence Chip 1. When status bit BRKS1 is a 1 , the modem is receiving continuous 
space. When BRKS1 is a 0, the modem is receiving data and outputting the data to 
RXDATA (RPTM = 1). (FDX) (Asynchronous operation only) 


BUS 


0:8:7 





Bus Select. When control bit BUS is a 1 , the modem is in the parallel control mode; when 
BUS is a 0, the modem is in the serial control mode. BUS can be in either state to configure 
the modem. In either mode, the modem is configured by the host writing to interface 
memory via the microprocessor bus. Note that the modem automatically defaults to the 
serial mode at power-on. (FDX) 

Serial Control Mode 

In serial control mode, standard V.24 (RS-232-C compatible) signals are used to control the 
transfer of channel data. The control signals used are DTR, RTS, TLK, and ORG. Outputs 
such as RLSD and DSR are reflected both in the interface memory and the V.24 interface. 
Once the BUS bit has been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are 
ignored. 

Parallel Control Mode 

In the parallel control mode, the modem is controlled by bits written to interface memory via 
the microprocessor bus. Data transfer is also over the microprocessor bus. The control bits 
are DTR, RTS, ORG, and DATA. 

If the parallel control mode is to be used. It is recommended that the TLK pin be tied to 
ground. A floating TLK pin will assume a logic 1 which will immediately put the modem into 
the data mode before the BUS bit is set. 


CAEQ 


0:5:0 





Cable Amplitude Equalizer. When CAEQ = 1 , an amplitude compromise equalizer is allo- 
cated in the transmitter path. The NEWCO bit must be set after setting the CAEQ bit. (V.29 
and V.29 FT modes only) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



lUlnemonic 


IMemory 
Location 


Default 
Value (Hex) Name/Description 


CC 


0:4:4 





Controlled Carrier. When control bit 00 is a 1 , tiie modem operates In controlled carrier; 
when 00 is a 0, the modem operates in constant carrier. 

Controlled carrier allows the modem transmitter to be controlled by the RTS pin or the RTS 
bit. Its effect may be seen in the descriptions of the RTS and OTS bits. (FDX) 


CDEQ 


0:9:2 
1:9:2 






Compromise Delay Equalizer Enable. When control bit ODEQ is a 1 , an Infinite Impulse 
Response (MR) delay equalizer is placed in the transmitter path. (HDX) 


CDET 


Carrier Detector. Status bit ODET is set to a when passband energy is being detected 
and a training sequence is not In process. 


CEQSEL 


1:4:0,1,2 





Compromise Equalizer Select. CEQSEL selects the type of equalizer to be placed in the 
receiver path. (HDX) 

Curve Matched 2 1 

No Equalization 
US -Long 1 
Japanese 3-Link 1 
Cable 1 1 1 
Cable 2 1 
Cables 1 1 


CHARO 


0:5:6,7 


2 


Character Length Select Chip 0. CHARO selects either 8, 9, 1 0, or 1 1 bit characters (in- 
cludes data, stop, and start bits) for the transmitter in asynchronous data mode 
(ASYNCO = 1). The bit representations are: 

Bits Per Character 7 6 

8 bits 

9 bits 1 

10 bits 1 

1 1 bits 1 1 


CHAR1 


1:5:6,7 


2 


Character Length Select Chip 1. CHAR1 selects 8,9,10 or 1 1 bit character length (in- 
cludes data, stop, and start bits) for the receiver In asynchronous data mode (ASYN01 = 1). 
The bit representations are: 

Bits Per Character 7 6 

8 bits 

9 bits 1 

10 bits 1 

11 bits 1 1 

It is possible to change character length during the data mode. Errors In the data will be ex- 
pected between change over and the resynchronization (which occurs on the next start bit 
after the change is implemented). 


CL 


2:4:0 





Control Line. When CL is set to a 1 , the receiver goes to data mode upon detection of 270 
ms of energy after a loss of carrier. A retrain may be required once the modem is back in 
data mode (see RTRN bit). Before CL is set to a 1 , an initial handshake must be completed. 
(FDX) 


CTS 


0:A:1 





Clear-to-Send. When status bit OTS is a 1 , the modem will transmit any data present at 
TXD. (FDX) 


DATA 


0:9:1 





Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not 
being transmitted. The modem is prevented from entering and proceeding with the hand- 
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to 
a 1 by the host at a suitable time after completion of dialing or answering. 

When control bit DATA is a 1 , the modem is in the data mode. This bit allows the modem to 
enter the data mode after the host counts a programmable number of rings by counting the 
required number of Rl bit transitions. (FDX) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value (Hex) Name/Description 


DDR 


0:0-7 


Dial Digit Register. DDR is used to load the digits to i3e dialed when in transmitter Call Re- 
quest mode (TCONF = 80). Example: If a 4 is to be dialed, a 04 (hex) should be loaded. 
This action also causes the interrupt to be cleared. The modem automatically accounts for 
the interdigit delay. Note: DDR is a write-only register. (FDX) 


DDIS 


1:7:5 


Descrambler Disable. When control bit DDIS is a 1 , the receiver descrambler is disabled; 
when DDIS is a 0, the descrambler is enabled. (HDX) 


DIABT 


0:5:1 


Disable Abort Timer. When DIABT is set to a 1 , the 30 second abort timer in the modem in- 
itializing a handshake is disabled. When DIABT is set to a 0, setting the DATA bit will initial- 
ize the modem for a handshake (originating modem looks for tone or answering modem 
sends tone and unscrambled Is) for 30 seconds before it aborts the handshake. (FDX only) 


DLO 


0:4:1 


Digital Loop Chip 0. 


DL2 


2:4:1 


Digital Loop Chip 2. When DLO and DL2 are both a 1 , the modem is manually placed in 
digital loopback. DLO and DL2 should be set only during the data mode. The DSR and CTS 
bits will be reset to 0. The local modem can then be tested from the remote modem end by 
looping a remotely generated test pattern. At the remote modem, all interface circuits be- 
have normally (as in the data mode). 

At the conclusion of the test, DLO and DU2 must be reset to 0. The local modem will then 
return to the normal data mode with control reverting to the DTR input. (DL2 must be set 
first followed by DLO.) (V.22, V.22 bis, V.22 A/B, and Bell 21 2A). (FDX) 


DSR 


0:A:0 


Data Set Ready. The ON condition of the status bit DSR indicates that the modem is in the 
data transfer state. The OFF condition of DSR is an indication that the DTE is to disregard 
ail signals appearing on the interchange circuits - except Rl. DSR will switch to the OFF 
state when in test state. The ON condition of DSR indicates the following: 

The modem is not in the talk state, I.e., an associated telephone 
handset is not in control of the line. 

The modem is not in the process of automatically establishing a call via 
pulse or DTMF dialing. 

The modem has generated or detected answer tone. 

After ring indicate goes ON, DSR waits at least two seconds before turning ON to allow the 
telephone company equipment to be engaged. 

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a maximum of 4 seconds when 
the SSD bit is enabled (FDX) 


DTMF 


0:9:0 


Touch Tone/Pulse Dialing. When transmitter Call Request configuration is selected 
(TCONF = 80) and control bit DTMF is a 1 , the modem will auto dial using tones. When 
DTMF is a 0, the modem will dial using pulses. 

The timing for the pulses and tones are as follows (power-on timing): 

Pulses - Relay open 64 ms 
Relay closed 36 ms 
Interdigit delay 750 ms 

Tones - Tone duration 95 ms 
Interdigit delay 71 ms 

The DTMF bit can be changed during the dialing process to allow either tone or pulse dial- 
ing of consecutive digits. The tone pairs and corresponding dial digits are shown in Table 3. 
The output power level of the DTMF tones Is: 

~ 1 dBm ± 1 measured atTXA 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Memory 
Mnemonic Location 



Default 
Value (Hex) 



Name/Description 



DTR 

EPT 
FE 

FED 

FREQL 
FREQM 



0:4:0 

0:7:3 
1:8:1 

1:9:6 

0:1:0-7 
0:0:0-7 



Data Terminal Ready. When set to a 1 , control bit DTR initiates tlie handslial<e sequence If 

DATA = 1 . In answer mode, the transmitter will immediately send answer tone. In the data 
mode, setting the DTR bit to a causes the transmitter to turn off and return to the idle 
state. (FDX) 

Echo Protector Tone. When EPT is a 1 , an unmodulated carrier is transmitted for 1 85 ms 

followed by 20 ms of no transmitted energy at the start of the transmission. (HDX) 

Framing Error. When set to a 1 , status bit FE indicates that more than 1 in 8 (or 1 in 

4) characters were received without a stop bit in asynchronous mode. When FE is 
reset to a 0, no framing error is detected. (FDX) 

Fast Energy Detect. When FED is a 0, energy above the threshold is present in the 

passband. (HDX) 

Frequency Number Least Significant Byte. 

Frequency Number Most Significant Byte. The host conveys tone generation data to 

the transmitter by writing a 1 6-bit data word to the FREQL and FREQM registers as 
shown below (HDX): 

FREQM Register (0:0) 



FRZEQ 



2:7:0 



Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



FREQL Register (0:1) 



Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 



The frequency number (N) determines the frequency (F) as follows: 

F = (0.146486) (N) Hz ±0.01% 

Frequency number (FREQM and FREQL) codes In hexadecimal for generally used tones 
are: 



9quency 


FREQM 


FREQL 


(Hz) 


(Hex) 


(Hex) 


462 


OC 


52 


1100 


ID 


55 


1650 


2C 


00 


1850 


31 


55 


2100 


38 


00 



Freeze Equalizer Taps. When control bit FRZEQ is set to a 1 , updating of the equalizer tap 
values is Inhibited. (FDX only) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Memory 
Mnemonic Location 



Default 
Value (Hex) 



Name/Description 



FR1 
FR2 
FR3 



GTE 



LCD 



NSIE1 



NSiE2 



NV25 



2:C:5 
2:C:6 
2:C:7 



0:8:4 



2:4:3 



MHLD 


0:7:4 


NEWCO 


0:E:3 


NEWC1 


1:E:3 


NEWC2 


2:E:3 


NEWSO 


0:E:5 


NEWS1 


1:E:5 


NEWS2 


2:E:5 


NSIEO 


0:E:6 



1:E:6 



2:E:6 



0:9:7 



Frequency 1. 

Frequency 2. 

Frequency 3. The one state of FR1 , FR2 or FR3 Indicates reception of tlie respective tonal 
frequency when the modem is configured for V.21 Channel 2. The default frequencies for 
FR1.FR2andFR3are: 

Bit Frequency (Hz) 

FR1 2100 

FR2 1100 

FR3 462 

Guard Tone Enable. When control bit GTE is a 1 , an 1800 guard tone will be transmitted 
(CCITT FOX configuration only). Note: The guard tone will only be transmitted by the 
answering modem. 

Loss of Carrier Disconnect. When control bit LCD is a 1 , the modem terminates a call 
whe n a los s of received carrier energy is detected after 400 ms. Afte r 40 ms of loss of car- 
rier, RLSD goes off. If carrier is not detected within the next 360 ms, CTS goes off, and the 
modem goes to idle mode. If energy above threshold is detected during the 360 ms period, 
RLSD will go on again. If further loss of energy occurs, the 400 ms time frame is restarted. 



If LCD is set to a 0, RLSD will be a when energy is above threshold, but will not force the 
modem into idle mode when energy falls below threshold. In this case, it is necessary to re- 
enable LCD in order to put the modem in idle mode. (FDX) 

Mark Hold. When control bit MHLD is a 1 , the transmitter input data stream is forced to all 
marks (Is). (HDX only) 

New Configuration Chip 0. When the host changes the transmitter configuration (TCONF), 
the host must write a 1 to this bit. NEWCO goes to when the change becomes effective. 

New Configuration Ciiip 1. When the host changes the receiver configuration (RCONF), 
the host must write a 1 to this bit. NEWC1 goes to when changes become effective. 

New Configuration Chip Z When the host changes the receiver configuration (RCONF), 
the host must write a 1 to this bit. NEWC2 goes to when changes become effective. 

New Status Chip 0. NEWSO is set to a 1 when any of the status bits in the transmitter 
status register A (0:A) change state. The host must write a into NEWSO to reset It. (FDX) 

New Status Chip 1. NEWS1 is set to a 1 when any of the status bits in the receiver Chip 1 
status registers 8 or 9 (1 :8 or 1 :9) change state. The host must write a into NEWS1 to 
reset it. (FDX) 

New Status Chip Z NEWS2 is set to a 1 when of the status bits n the receiver chip 2 
status register 5 (2:5) change state. The host must write a into NEWS2 to reset it. (FDX) 

NEW Status Interrupt Enable Chip 0. When NSIEO is set to a 1 , the modem sets the TIA 
bit and asserts IRQ if NEWSO is a 1 . The TIA bit is cleared by writing a to the NEWSO bit. 
(FDX) 

NEW Status Interrupt Enable Chip 1. When NSIE1 is set to a 1 , the modem sets the RIA1 
bit and asserts IRQ if NEWS1 is a 1 . The RIA1 bit is cleared by writing a to the NEWS1 
bit. (FDX) 

NEW Status Interrupt Enable Chip 2. When NSIE2 is set to a 1 , the modem sets the RIA2 
bit and asserts IRQ if NEWS2 is a 1 . The RIA2 bit is cleared by writing a to the NEWS2 
bit. (FDX) 

No V25 Answer Tone. When NV25 is a 1 , the modem will not transmit the 21 00 Hz CCITT 
answer tone when a handshake sequence is initiated and the modem is In answer mode. 
(FDX) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Memory 
Mnemonic Location 



Default 
Value (Hex) 



Name/Description 



ORG 



0:8:5 



PARSLO 0:5:4 
PARSL1 1:5:4 



RE 



1:9:3 



RENO 


0:5:5 





PEN1 


0:5:5 
2:C:0 
1:8:3 





RNDET 


1 


R2DET 


1 


RA 


0:8:0 






RBA1 



1:E:0 



RBA2 2:E:0 
RCF 1:7:2 



Originate/Answer. When ORG is a 1 , the modem is in originate mcxje. When ORG is a 0, 
the modem is in answer mode. (This is valid in manual originate/answer and analog loop 
back). If ORG is a 1 in analog loopback, the modem will transmit in low band and receive in 
high band. If ORG is a in analog loop back, the modem will transmit In the high band and 
receive in low band. (FDX) 

Parity Select Chip 0. 

Parity Select Chip 1. Control bits PARSLO and PARSL1 select the method by which parity 
is generated in the transmitter (PARSLO) and checked by the receiver (PARSL1) during the 
asynchronous mode (ASYNC1 and ASYNCO = 1). The options are: 



Parity Selected 

Even parity 
Odd Rarity 



Parity Error. When set to a 1 , status bit RE indicates that a character with bad parity was 
received in the asynchronous mode (ASYNC1 and ASYNCO = 1). When a 0, a character 
with good parity was received. 

Parity Enable Chip 0. When control bit RENO is a 1 , parity generation is enabled in the 
transmitter in asynchronous mode (ASYNCO =1). 

Parity Enable Chip 1. When control bit REN1 is a 1, parity checking is enabled in the 
receiver in asynchronous mode (ASYNC1 =1). 



PN Sequ ence De tect. Status bit RNDET is set to a when a RN sequence has been 
detected. RNDET is set to a 1 at the end of the RN sequence. (HDX) 



Period 2 Sequ ence De tect. Status bit R2DET is set to a when a period 2 sequence has 
been detected. R2DET is set to a 1 at the start of the period N sequence. (HDX) 

Relay Active. When control bit RA Is set to a 1 , the OHRC output is activated causing the 
relay to close (off-hook); when RA is reset to 0, the OHRC is turned off causing the relay to 
open (on-hook). Note: The host has exclusive control of the OHRC output through the RA 
bit except in pulse dial mode. (FDX) 

Receiver Buffer Available Chip 1. Status bit RBA1 is set to a 1 when the receiver writes 
data to the Receiver Data Register (1 :0). RBA1 resets to a when the host reads data from 
register 1 :0. 

Receiver Buffer Available Chip 2. Status bit RBA2 is set to a 1 when the receiver writes 
data to register 2:0. RBA2 resets to a when the host reads from register 2:0. 

Receiver Carrier Frequency. When set to a 1 , control bit RCF selects 1 800 Hz 
demodulator carrier frequency; when a 0, 1 700 Hz is selected. (HDX V.29 FT only) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Memory Default 

Mnemonic Location Value (Hex) 



Name/Description 



RCONF 



1:6:0-7 



84 



RDIS 

RDLO 
RDL2 

RDLEO 



1:7:1 

0:4:2 
2:4:2 

0:4:6 



Receiver Configuration. The host configures the receiver by writing one of the following 
control codes into RCONF: 



Mode 




RCONF (Hex) 




No TOD 


(HDX)^ 


V.29 FT/9600 


1C 




9C 


V.29 FT/7200 


1A 




9A 


V.29 FT/4800 


19 




99 


V.29 9600 


14 




94 


V.29 7200 


12 




92 


V.29 4800 


11 




91 


V.27 FT/4800 


OA 




8A 


V.27 FT/2400 


09 




89 


V.27 4800 Long 


22 




A2 


V.27 2400 Long 


21 




A1 


V.22 bis 2400 


84 




- 


V.22 bis 1200 


88 




- 


V.22 1200 


52 




- 


V.22 600 


51 




_ 


Bell 21 2A 1200 


62 




- 


Bell 103 0-300 


60 




_ 


Call Progress^ 


80 




- 



NOTES: 

1 . These configurations enable the train-on-data (TOD) algorithm to converge the equalizer If 
the signal quality degrades sufficiently. When TOD configurations are selected, the 
modem still recognizes a training sequence and enters the force train state. A BER of ap- 
proximately 10"^ for 0.5 seconds initiates train-on-date. 

2. When Call Progress is selected, the receiver is placed in tone detect mode. Any energy 
above threshold and In the 340 to 640 Hz bandwidth is reflected by the TONE bit. The 
receiver configuration (RCONF) must be set to the desired receive mode (after last digit 
was dialed and tone detection completed) before the answer tone is sent by the answer- 
ing modem (after ringback is detected). Call Progress need not be used during auto dial- 
ing, but may be used to provide call progress information as part of an intelligent auto 
dialing routine. 

3. RDIS bit must be set to 1 prior to reconfiguration in half-duplex mode. 

4. When the modem shifts between half-duplex and full-duplex modes, 1 ms 
initialization time is required before continued operation. 

Receiver Disable. When control bit RDIS is a 1 , the receiver is disabled. When RDIS is a 0, 
the receiver is enabled. RDIS must be set to a 1 prior to changing the receiver configuration. 
(HDX) 

Remote Digital LoopbaCk Chip 0. 

Remote Digital Loopbacic Chip Z When RDLO and RDL2 are Is, the modem sends a 
remote digital loop request. When RDLO and RDL2 are Os, the modem sends a remote digi- 
tal loopback termination. (V.22, V.22 bis, V.22 A/B, and Bell 21 2A) (FDX) (RDL2 must be 
set first followed by RDLO). 

Response to Remote Digital Loopback Enable Chip 0. When RDLEO is a 1 , the transmit- 
ter can respond to another modem's request for digital loopback. When RDLEO is a 0, no 
response will be generated. (FDX) 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value (Hex) Name/Description 


RDI F?, 


2:4:6 





Response to Remote Digital Loopback Enable Chip 2. When RDLE2 is a 1 , the receiver 
can respond to another modem's request for digital loopback. When RDEL2 is a 0, no 
response will be generated. (FDX) 


RIA1 


1:E:7 





Receiver Interrupt Active Chip 1. Status bit RIA1 is set to a 1 when the receiver sample 
rate device is driving IRQ low (see NSIE1 and RIE1). 


RIA2 


2:E:7 





Receiver Interrupt Active Chip Z Status bit RIA2 is set to a 1 when the receiver baud rate 
device is driving IRQ low (see NSIE2 and RiE2). 


RIE1 


1:E:2 





Receiver Interrupt Enable Chip 1. When the RIE1 control bit is a 1 , the RIA1 bit is set to a 
1 and the IRQ output is asserted when RBA1 is a 1 . 


RIE2 


2:E:2 





Receiver Interrupt Enable Chip 2. When the RIE2 control bit is a 1 , the RIA2 bit is set to a 
1 and the IRQ output is asserted when RBA2 is a 1 . 


Rl 


2:5:3 





Ring Indicator. When set to a 1 , status bit Rl indicates that a ringing signal is being 
detected. The Rl bit follows the ringing signal with a 1 during the on time and a zero during 
the off time coincident with the Rl signal. (FDX) 


RPDM 


1:5:2 





Receiver Parallel Data Mode. When RPDIVI is a 1 , the receiver is in parallel data mode.ln 
this mode, received data is output to the Receive Data Register (RXDATA) and to the RXD 
pin. Diagnostics are not operational in the parallel data mode (i.e., DSP RAM can not be ac- 
cessed). 

When RPDM is a 0, the receiver is in serial data mode. In this mode, received data is output 
to RXD only. 


RSD 


2:4:4 





Receiver Space Disconnect. When configuration bit RSD is a 1 , the modem goes to idle 
mode after receiving approximately 1 .6 seconds of continuous spaces. (FDX) 


RTH 


1:7:6,7 





Receiver Threshold. The receiver energy detector threshold is set by the RTH field as fol- 
lows: (see NEWC1). (HDX only) 

RTH RLSD ON RLSD OFF 

^-43dBm s-48dBm 

1 &-33dBm £-38dBm 

2 &-26dBm ^-31 dBm 


RTRN 


0:9:5 




Retrain. When RTRN is a 1 , the modem sends the training sequence. RTRN resets to 
when the training sequence from the remote modem has successfully been received. If the 
sequence has not been successfully received from the remote modem, GTS will remain off. 
In order to put the modem back into data mode. It is necessary to write a into the RTRN 
bit, then repeat the retrain sequence. (FDX) 


RTS 


0:7:7 





Request To Send. When RTS is a 1 , the modem begins a transmit sequence. The transmit- 
ter continues to transmit until R 1 S is a and a turn off sequence has been completed. 


RXDATA 


1:0:0-7 





Receive Data Register. The host obtains channel data from the modem receiver in the 
parallel data mode (RPDM = 1} by reading a data byte from RXDATA. 


SDIS 


0:7:5 





Scrambler Disable. When control bit SDIS is a 1 , the transmitter's scrambler circuit is dis- 
abled; When SDIS is a 0, the scrambler is enabled. 


SPEED 


2:5:0-2 





Speed indicator. The SPEED status bits indicates the received rate at the completion of a 
handshake (FDX). 

The SPbbU bit representations are: 

Data Rate 2 1 
0-300 
600 1 
1200 1 
2400 1 1 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value (Hex) Name/Description 


SSD 


0:8:1 





Send Space Disconnect. When DTR goes from an active to an inactive state and con- 
figuration bit SSD is a 1 , tlie modem transmits approximately 3.4 seconds of spaces before 
disconnecting. (FDX) 


STO 


0:4:5 





Self Test Chip 0. 


ST2 


2:4:5 





Self Test Chip 2. When configuration bit ST2 is a 1 . receiver self test is activated. ST2 must 
be a to end the test. It is possible to perform self test in analog loopback with or without a 
DTE connected. During self test, TXD and RTS are ignored. Self test does not test 
asynchronous-to-synchronous converter circuits in the receiver. (FDX) 

Error detection is accomplished by monitoring the self test error counter in DSP RAM. If the 
counter increments during the self test, an error occurred. The counter contents are avail- 
able in the diagnostic register when the RAM access code 27 is loaded in ACC2. 

Self Test End-to-End (Data Mode) 

Upon activation of self test, an internally generated data pattern of alternate binary ones and 
zeros (reversals) at the selected bit rate are applied to the scrambler. An error detector, 
capable of identifying errors in a stream of reversals are connected to the output of the 
descrambler. 

Self Test with Lxyop 3 

Loop 3 is applied to the modem as defined in Recommendation V.54. Self test is activated 
and DOE operation is as in the end-to-end test. DTR is ignored In this test. 

Self Test with Loop 2 (Data Mode) 

The modem is conditioned to instigate a loop 2 at the remote modem as specified in Recom- 
mendation V.54. Self test is activated and DOE operation is as in the end-to-end test. 

ST2 does not function in 300 bps. 


STBO 


0:5:3 





Stop Bit Number Chip 0. When STBO is a 0, one stop bit is selected in the transmitter in 
the asynchronous mode. When STBO is a 1 , two stop bits are selected in asynchronous 
mode. (FDX) 


STB1 


1:5:3 





Stop Bit Number Chip 1. When STB1 is a 0, one stop bit is selected in the receiver in the 
asynchronous mode. When STB1 is a 1 , two stop bits are selected in the asynchronous 
mode. (FDX) 


TBA 


0:E:0 


1 


Transmitter Buffer Available. Status bit TBA is set to a 1 when the transmitter empties 
Transmitter Data Register (0:0). TBA resets to a when the host writes to the Transmitter 
Data Register (TXDATA). 


TCF 


0:9:3 





Transmitter Carrier Frequency. When TCF is a 0, the transmitter carrier is 1700 Hz. When 
TCF is a 1 , the transmitter carrier is 1 800 Hz. The NEWCO bit must be set to a 1 after chang- 
ing this bit. (HDX V.29 FT only.) 


TL\A_ 


0:B:5-7 


5 


Transmit Level. The transmit level bits select the transmit level in steps of 2 dB, as follows: 

Transmit Level (dBm) 7 6 5 



-2 1 

-4 10 

-6 Oil 

-8 10 
-10 10 1 
-12 110 
-14 111 

At the power up, the transmit level defaults to -1 dBm. 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value (Hex) 


TXDATA 


0:0:0-7 


00 


TCONF 


0:6:0-7 


84 



Name/Description 



TIA 


0:E:7 





TIE 


0:E:2 





TM 


2:5:4 





TONE 


1:9:1 






TONEA 2:5:5 



Transmitter Data Register. The host sends channel data from the modem transmitter in 
the parallel data mode (TPDM = 1) by reading a data byte from TXDATA when TBA is a 1 . 

Transmitter Configuration. The host configures the transmitter by writing one of the follow- 
ing codes into TCONF: 

Note: When the modem switches between half-duplex and full-duplex modes, 
10 ms initialization time is required before continued operation. 



Mode 


TCONF (Hex) 


V.29 FT/9600 


1C 


V.29 FT/7200 


1A 


V.29 FT/4800 


19 


V.29 9600 


14 


V.29 7200 


12 


V.29 4800 


11 


V.27 FT/4800 


OA 


V.27 FT/2400 


09 


V.27 4800 Long 


22 


V.27 2400 Long 


21 


V.22 Bis 2400 


84 


V.22 Bis 1200 


88 


V.22 1200 


52 


V.22 600 


51 


Bell 21 2A 1200 


62 


Bell 103 0-300 


60 


Call Request 


80 


Single Tone Transmit 


04 



When Call Request is selected, the transmitter is placed in auto dial mode. The data then 
placed in the Dial Digit Register (DDR) is treated as the digit to be dialed. The format for the 
data should be a hex representation of the number to be dialed (if a 9 is to be dialed then a 
09i6 should be loaded in DDR). The modem must be off-hook in this mode. (DTR must be 
on when in auto dial mode.) 

Transmitter Interrupt Active. TIA status bit is a 1 whenever the transmitter is driving ?RQ 
signal low (see NSIEO and TIE). 

Transmitter Interrupt Enable. When control bit TIE is a 1 , the modem sets the TIA bit to a 
1 and asserts the IRQ output when status bit TBA is a 1 . 

Test Mode. When TM is a 1 , test mode is active in the transmitter. When TM Is a 0, test 
mode is not active. (FDX) 

Tone Detect. Tone is set to a 1 when energy is detected in the 340 to 640 Hz frequency 
band. The host must determine which tone is present on the line by determining the duty 
cycle of the TONE bit. TONE is active only when Call Progress is selected (RCONF = 80). 
(FDX) 

Answer Tone Detected. When set to a 1 , status bit TONEA signifies that the receiver 
detected the answer tone. This bit is set 75 ms after the answer tone is first detected, and Is 
cleared to a when the modem goes to idle mode. The host may clear the TONEA bit 
manually after CTS is active. 
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Table 12. R96QT Interface Memory Bit Definitions (Cont'd) 



Memory 
Mnemonic Location 



Default 
Value (Hex) 



Name/Description 



TPDM 



TTDIS 



TXCLK 



0:7:2 



0:7:6 



0:7:0,1 



WRTO 


0:F:7 





WRT1 


1:F:7 





WRT2 


2:F:7 





XDALO 


0:2:0-7 


00 


XDAL1 


1:2:0-7 


00 


XDAL2 


2:2:0-7 


00 


XDAMO 


0:3:0-7 


00 


XDAM1 


1:3:0-7 


00 


XDAM2 


2:3:0-7 


00 


YDALO 


0:0:0-7 


00 


YDAL1 


1:0:0-7 


00 


YDAL2 


2:0:0-7 


00 


YDAMO 


0:1:0-7 


00 


YDAM1 


1:1:0-7 


00 


YDAM2 


2:1:0-7 


00 



Transmitter Parallel Data Mode. When TPDM is a 1 , the transmitter parallel data mode is 
selected. In this mode, the transmitter accepts data from the Transmitter Data Register (0:0) 
rather than the serial TXD hardware data Input. Diagnostics are not operational In this mode 
(I.e., DSP RAM can not be accessed). 

When TPDM Is a 0, transmitter serial data mode is selected. The transmitter accepts data 
from the TXD input. DSP RAM can be accessed in the serial data mode. 

Transmitter Train Disable. When TTDIS is a 1 , the transm itter does not generate a training 
sequence at the start of transmission. With training disable, RTS/CTS delay Is less than 2 
baud times. (HDX) 

Transmit Clock Select. TXCLK designates the origin of the transmitter data clock. 



Clock Source 

Internal 
External 
Slave 



1 

(HDX.FDX) 

1 (HDX,FDX) 
1 1 (FDX) 



RAM Write Chip 0. When WRTO is a 1 , the RAM write operation is enabled for Chip 0. 

RAM Write Chip 1 . When WRT1 is a 1 , the RAM write operation is enabled for Chip 1 . 

RAM Write Chip 2. When WRT2 is a 1 , the RAM write operation is enabled for Chip 2. 

X RAM DATA LSB Chip 0. XDALO is the least significant byte of the 16-bit X RAM data 
word used in reading or writing X RAM locations in DSP chip 0. 

X RAM DATA LSB Chip 1. XDAL1 is the least significant byte of the 16-bit X RAM data 
word used In reading or writing X RAM locations in DSP chip 1 . 

X RAM DATA LSB Chip 2. XDAL2 is the least significant byte of the 1 6-bit X RAM data 
word used In reading or writing X RAM locations in DSP chip 2. 

X RAM DATA MSB Chip 0. XDAMO Is the most significant byte of the 1 6-bit X RAM data 
word used in reading or writing X RAM locations in DSP chip 0. 

X RAM DATA MSB Chip 1. XDAM1 is the most significant byte of the 16-bit X RAM data 
word used in reading or writing X RAM locations in DSP chip 1 . 

X RAM DATA MSB Chip 2. XDAM2 is the most significant byte of the 1 6-bit X RAM data 
word used in reading or writing X RAM locations in DSP chip 2. 

Y RAM DATA LSB Chip 0. YDALO is the least significant byte of the 1 6-blt Y RAM data 
word used in reading or writing Y RAM locations in DSP chip 0. 

Y RAM DATA LSB Chip 1 . YDAL1 is the least significant byte of the 1 6-bit Y RAM data 
word used in reading or writing Y RAM locations in DSP chip 1 . 

Y RAM DATA LSB Chip 2. YDAL2 is the least significant byte of the 1 6-bit Y RAM data 
word used in reading or writing Y RAM locations in DSP chip 2. 

Y RAM DATA MSB Chip 0. YDAMO is the most significant byte of the 1 6-bit Y RAM data 
word used In reading or writing Y RAM locations in DSP Chip 0. 

Y RAM DATA MSB Chip 1. YDAM1 is the most significant byte of the 16-bit Y RAM data 
word used in reading or writing Y RAM locations in DSP Chip 1 . 

Y RAM DATA MSB Chip 2. YDAM2 is the most significant byte of the 1 6-bit Y RAM data 
word used In reading or writing Y RAM locations in DSP Chip 2. 
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DSP RAM ACCESS 

DSP RAM Organization 

Each DSP contains four banks of 16-bit wide random ac- 
cess memory (I^M). This memory is divided into two 
banks of 32-bit wide words of Data RAI\^ (DRAIVI) and 
Coefficient RAM (CRAIVI). Each 32-bit word is further 
broken down into a 16-bit real part and a 16-bit imaginary 
part. 

BAM Access Codes 

The DSP logic unit determines the DSP RAM address to 
read from, or write to, by the code stored in the RAM Ac- 
cess bits of interface memory register (0,1 ,2) :F. 

Data can be transferred from interface memory to DSP 
RAM. When set to a 1 , bit WRT (0,1 ,2) signals the DSP to 
disable transfer of DSP RAM data to the interface memory, 
and instead, to transfer data from interface memory to 
DSP RAM. When writing Into DSP RAM, 32 bits of data in 
the XRAM and VRAM registers will be written into the ap- 



propriate DSP RAM location as specified by the RAM ac- 
cess code in Table 13. 

To transfer data into the DSP RAM, first load the desired 
access code into the appropriate RAM Access register 
(ACCO-2) and set the write bit (WRTO-2) to a one. Data 
may then be written into registers 3, 2, 1 and in that order. 
If writing to registers 3 and 2 only, the data In registers 1 
and must be rewritten without modification in order for 
the data transfer to occur. When the host processor writes 
into register (0, 1, 2):0:0-7, the buffer available bit (0, 1, 
2):E:0 is reset to zero. When the DSP reads data from 
register (0, 1, 2):0:0-7, the buffer available bit (0, 1, 2):E:0 
is set to a one, indicating the RAM write has been com- 
pleted. After the RAM write is complete, reset the write bit 
(WRTO-2) to a zero. 

When reading from DSP RAM, or writing to DSP iRAM, the 
bits in register 0, 1 , 2:E can be used for handshaking or in- 
terrupt functions as in parallel data mode. 



Tabie 13. RAi\A Access Codes 



Function 


RAM Access Code (Hex) 


Chip 


Register 


Read 


Write 


Half-Duplex Modem Operation 










Demodulator Output 










2400 baud 


53 


— 


1 


0,1,2.3 


1600 baud 


51 


- 


1 


0,1,2,3 


1200 baud 


4F 


_ 


1 


0,1,2.3 


Low Pass Filter Output 


5F 


- 


1 


0,1,2,3 


Input Signal to Equalizer Taps 


40 


— 


2 


0,1,2,3 


AGO Gain Word 


30 


_ 


1 


2,3 


Equalizer Tap Coefficients 


01-20 


- 


2 


0,1,2.3 


Equalizer Output 


61 


- 


2 


0,1,2.3 


Rotated Equalizer Output 


62 


-. 


2 


0,1.2,3 


Decision Points 


68 


_ 


2 


0,1.2,3 


Rotated Error 


64 


_ 


2 


0,1,2.3 


Rotation Angle 


27 


- 


2 


2.3 


Phase Vector 


21 


_ 


2 


0,1.2.3 


Error Vecor 


65 


- 


2 


0.1,2,3 


EOM 


2C 


_ 


2 


2,3 


Frequency Con-ectlon 


25 


- 


2 


2,3 


Full-Duplex Modem Operation 










Demodulator 


62 


_ 


1 


0,1,2.3 


Low Pass Filter Output 


63 


_ 


1 


0,1,2,3 


Input Signal to Equalizer Taps 


41-50 


_ 


2 


0,1,2.3 


AGO Gain Word 


02 


_ 


1 


2.3 


Equalizer Tap Coefficients 


01-10 


- 


2 


0.1,2.3 


Equalizer Output 


56 


- 


2 


0,1.2,3 


Rotated Equalizer Output 


14 


- 


2 


0,1,2.3 


Decision Points 


54 


— 


2 


0,1,2.3 


Rotated Error 


55 


_ 


2 


0,1,2,3 


Rotation Angle 


15 


_ 


2 


0,1 


Phase Vector 


13 


_ 


2 


2,3 


Self-Test Error Counter 


27 


_ 


2 


2,3 


DTMF Tone Duration 


02 


82 





0,1 


DTMFInterdigit Delay 


03 


83 





2,3 


Pulse Interdigit Delay 


03 


83 





0,1 


Pulse Relay Make Time 


04 


84 





2,3 


Pulse Relay Break Time 


04 


84 





0,1 


Handshake Abort Counter 


05 


85 





0,1 


Handshake Abort Timer 


06 


86 





2.3 


CTS Off-Time 


07 


87 





2,3 


Checksum 


3F 


- 


0.1,2 


0,1 


DSP-ID 


3F 


- 


0,1.2 


2.3 
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PERFORMANCE 
BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is 
specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56. 

PHASE JITTER 

At 9600 bps, the modem exhibits a bit error rate of 1 0~^ or 
less with a signal-to-noise ratio of 23 dB in the presence of 
10" peak-to-peak phase jitter at 60 Hz. The modem ex- 
hibits a bit error rate of 10"^ or less with a signal-to-noise 
ratio of 23 dB in the presence of 20** peak-to-peak jitter at 
30 Hz. 

Polling Success 

In the 9600 bps fast train configuration the modem ap- 
proaches a 98% success rate over unconditioned 3002 
lines for a signal-to-noise ratio of 26 dB, with a received 
signal level of -20 dBm. 

HIGH SPEED 

Bit Error Rate 

Typical bit en'or rate (BER) curves for high speed opera- 
tion are shown in Figure 5. The BER curves were prepared 
from data obtained using a TAS1000 test system. 

MEDIUM SPEED 

Bit Error Rate 

Typical BER curves for the medium speed operation are 
shown In Figure 6. The BER curves were prepared from 
data obtained using a TAS1000 test system. 



GENERAL SPECIFICATIONS 



Table 14. Modem Power Requirements 



Vortage* 


Current (Typ.) 

®25°C 


Current (Max.) 
®0°C 


+ 5VDC + 5%, 
+ 12VDC±5% 
-12VDC±5% 


550 mA 

5 mA 

25 mA 


700 mA 
10 mA 
50 mA 


* Input voltage ripple ^ 0.1 volts peak-to-peak. 




Table 15. Modem Environmental Specifications 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity: 
Altitude 


0° to + 60° C (32° F to 140° F) 

- 40° C to + 80° (-40° F to 176° F) 
(Stored in heat sealed antistatic bag 
and shipping container.) 

Up to 90% noncondensing, or a wet bulb 

- 200 feet to + 1 0,000 feet 



Table 16. Modem Meclianical Dimensions 



Parameter 


Specification 


Board Structure: 


Single PC board with 60 pins in a dual in-line 
pin configuration. Row 1 has 29 pins (pins 1 
through 30 with pin 15 deleted for keying). 
Row 2 has 31 pins (pins 31 through 61 with 
pin 31 off-set from pin 1 for keying). 


Dimensions: 
Width 
Length 


2.559 in. (65 mm) 
3.937 in. (100 mm) 


Component Height 
Top (max.) 
Bottom (max.) 


0.300 in. (7.62 mm) 
0.100 in. (2.54 mm) 


Weight (max.): 


2.5 oz. (70 g) 


Pin Length (max.) 


0.433 ± 0.015 In. (1 1 .0 ± 0.4 mm), gold plated 
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Figure 5. Typical I4igh Speed Bit Error Rate Curves 
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Figure 6. Typical IVledium Speed Bit Error Rate Curves 
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DIMENSIONS 



0.087 . 
(2.2) 



0.075 
(1.9) 



2.559 
(65) 



2.400 REF 
(61) 



2.484 
(63.1) 



(100) 



(98.8) 



3.775 REF 



(95.9) 



ooooooooooooooooooooooooooooooo 



\, 



PINS 



29 PINS 
(PIN 15 MISSING FOR KEYING) 



0.425 
(10.8)" 



P30 



)oooo 



oooooooooooooooooooooooooooooo 



UNITS: INCHES 
mm 



0.100 TYP 
(2.54) 



0.300 MAX 
(7.6) 



£ 



P32 
P30 



0.025 SQ. PIN 
(0.64) (60 PL) 



t: 



(1.6) 



.1 UU 



0.100 MAX 
(2.54) 




P61 
PI 



' MOUNTING HOLES 
3 PLACES 

0.63 + 0.003, -0.001 
(16) 



-PIN HEIGHT 
ABOVE PCB 
(SEE TABLE 19) 



U ■' 



COMPONENT AREA 
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INTRODUCTION 

The Rockwell R9696DP is a 2-wire full-duplex, synchronous/ 
asynchronous CCITT V.32 and V.22 bis modem data pump. It is 
designed to operate over the public switched telephone network 
(PSTN), as well as leased lines, through the appropriate line ter- 
mination. It is packaged in a small module with dual-in-line (DIP) 
connection for direct installation onto a host module. 



The modem satisfies the telecommunications requirements speci- 
fied in CCITT recommendations V.32, V.22 bis, V22, V23 and V21 
and is compatible with Bell 212A and Bell 103 modems. The 
R9696DP can operate at speeds of 12000, 9600, 7200, 4800, 2400, 
1200, 600 or 300 bps. 



The R9696DP is designed for use in ultra high speed data appli- 
cations. User programmable features allow the modem operation 
to be tailored to support a wide range of functional requirements. 
The modem's small size (less than 13 square inches), low power 
consumption, serial/parallel host interface, and DIP connection 
simplify system development and reduce system production cost. 



This data sheet applies to the R9696DP with device numbers 
C5305-16, C5306-17, C5307-17 and subsequent. 



FEATURES 

• Compatibilities 

— CCITT V.32, V22 bis, V22, V23 and V21 

— Bell: Bell 212A/103 

• Parallel synchronous 

• Serial synchronous/asynchronous 

• 2-Wire Full-Duplex Operation 

• Trellis-Coded Modulation (TCM) at 12000, 9600, and 7200 bps 

• 12000 bps data rate in V.32 (proprietary) 

• Programmable Near and Far End Echo Cancellation 

• Bulk Delay for Satellite Transmission 

• Auto-Dial and Auto-Answer Capability 

• DTE Interface 

— Functional: CCITT V24 (RS-232-C) (Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL and CMOS Compatible 

• Dynamic Range: - 43 dBm to dBm 

• Equalization 

— Compromise Equalizer in Transmitter 

— Automatic Adaptive Equalizer in Receiver 

• Diagnostic Capability 

• Loopback 

— Local Analog 

— Remote Digital 

• Small Size 

— 82 mm X 100 mm (3.23 in. x3.94 in.) with DIP Connection 

• Low Power Consumption: 1.9 W (Typical) 




R9696DP Modem 



Document No. 29200N30 



Data Sheet 

1-215 



Order No. MD30 
Rev. 2, January 1989 



R9696DP 



V.32 9600 bps Full-Duplex Modem 



TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES 
AND DATA RATES 

The selectable modem configurations, along with the correspond- 
ing signaling (baud) rates and data rates, are listed in Table 1. 

TONE GENERATION 

Under control of the host processor, the modem can generate 
single or dual voice-band tones from Hz to 4800 Hz with a reso- 
lution of 0.15 Hz and an accuracy of 0.01%. Tones over 3000 Hz 
are attenuated. DTMF tone generation allows the modem to oper- 
ate as a programmable DTMF dialer. 

DATA ENCODING 

The data encoding conforms to CCITT recommendations V.32, 
V.22 bis, V.22, V.23 and V.21; and to Bell 212A and 103. 

EQUALIZERS 

Equalization functions are provided that improve performance 
when operating over low quality lines. 

Compromise Equalizer — A 40-tap digital finite impulse 
response (FIR) filter in the transmitter provides compromise 
equalization. The filter taps can be changed in DSP RAM for vary- 
ing line conditions. The default equalizer tap coefficients compen- 
sate for half the amplitude distortion of a 3002 unconditioned line 
and for half the group delay distortion of a 3002 unconditioned line. 
The filter can be enabled or disabled using the CEQ bit in the 
Chip interface memory. 

A 40-tap digital finite impulse response (FIR) filter in the receiver 
provides compromise equalization for V.23 1200 and 600 config- 
urations only. The filter is identical to the transmitter compromise 
equalizer and can be programmed via the DSP RAM. This fea- 
ture is enabled and disabled using the CEQ23 bit in the Chip 1 
interface memory. 

Automatic Adaptive Equalizer — A 48-tap automatic adap- 
tive equalizer is provided in the receiver The equalizer can be con- 
figured as either a T or a T/2 equalizer using the EQT2 bit in the 
Chip 2 interface memory. 



TRANSMITTED DATA SPECTRUM 

When the transmitter compromise equalizer is disabled, the trans- 
mitter spectrum is shaped by raised cosine filter functions as 
follows: 



Configuration 

V.32 

V22 bis. Bell 212A 



Raised Cosine Filter Function 

Square root of 12.5% 
Square root of 75% 



RTS-CTS RESPONSE TIME 

The response times of CTS relative to a corresponding transition 
of RTS are given in Table 2. 



Table 2. RTS-CTS Response Time 






Constant 


Controlled 


CTS Transition 


Configuration 


Carrier 


Carrier 


OFF to ON 


V.32 


<2ms 


N/A 




V.22 bis 


<2ms 


270 ms 




V.22 


<2ms 


270 ms 




Bell 21 2A 


<2ms 


270 ms 




V.21 


500 ms 


500 ms 




Bell 103 


210 ms 


210 ms 




V.23 


210 ms 


210 ms 


ON to OFF 


All 


<2ms 


<2ms 


Notes: The CTS OFF to ON response time is host programmable 


in DSP RAM 




N/A = not' applicable. 





TRANSMIT LEVEL 

The transmitter output level is selectable from -0.5 dBm to 
- 15.5 dBm in 1 dB steps and is accurate to ± 0.5 dB. The output 
level can also be fine tuned to a value within a 1 dB step by chang- 
ing a gain constant in RAM. 

TRANSMITTER TIMING 

Transmitter timing is selectable between internal (±0.01%), 
external or loopback. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing scrambler/ 
descrambler in accordance with the applicable CCITT recommen- 
dation or Bell interface depending on the selected configuration. 



Table 1. Configurations, Signaling Rates and Data Rates 







Carrier Frequency 


Data Rate 




Bits per Symbol 




Configuration 


Moduiationi 


(Hz) 
±0.01% 


(bps) 
±0.01% 


Baud 
(Symbols/Sec.) 


Constellation 
Points 


Data 


TCM 


V.32 1 2000 TCM2 


TCM 


1800 


12000 


2400 


5 


1 


64 


V.32 9600 TCM 


TCM 


1800 


9600 


2400 


4 


1 


32 


V.32 9600 


QAM 


1800 


9600 


2400 


4 





16 


V.32 4800 


QAM 


1800 


4800 


2400 


2 





4 


V.32 7200 TCM2 


TCM 


1800 


7200 


2400 


3 


1 


16 


V.22 bis 2400 


QAM 


1200/2400 


2400 


600 


4 





16 


V.22 bis 1200 


QAM 


1200/2400 


1200 


600 


2 





4 


V.22 1200 


QAM 


1200/2400 


1200 


600 


2 





4 


V.22 600 


QAM 


1200/2400 


600 


600 


1 





2 


Bell 21 2A 


QAM 


1200/2400 


1200 


600 


2 





4 


Bell 103 


FSK 


1170/2125 


0-300 


300 


1 





_ 


V.23 1200 


FSK 


1700/420 


1200/75 


1200 


1 





— 


V.23 600 


FSK 


1500/420 


600/75 


600 


1 








V.21 


FSK 


1080/1750 


0-300 


300 


1 








Tone Transmit 
















Notes: 1. Modulatlor 


legend: TCM: Trellis-Coded Modulation 

QAM: Quadrature Amplitude Modi 
FSK: Frequency Shift Keying 


jiatlon 


I. Proprietary 
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ANSWER TONE 

The transmitter generates a 2100 Hz answer tone for 3.6 seconds 
at the beginning of the answer handshake when the NV25 bit is 
a zero. This is applicable to V.32, V.22 bis, V.22, V.21, and V.23. 
The V.32 answer tone has 180 degree phase reversals every 
0.45 seconds to disable network echo cancellers. 

RECEIVE LEVEL 

The receiver satisfies performance requirements for received line 
signal levels from dBm to - 43 dBm. The received line signal 
level is measured at the Receiver Analog (RXA) input. 

RECEIVER TIMING 

The timing recovery circuit can track a ± 0.01% frequency error 
in the associated transmit timing source. 

CARRIER RECOVERY 

The carrier recovery circuit can track a ± 7 Hz frequency offset 
in the received carrier with less than a 0.2 dB degradation in bit 
error rate (BER). 

CLAMPING 

Received Data (RXD) is clamped to a co nstant mark w henever the 
Received Line Signal Detector (RLSD) is off. RLSD can also be 
clamped to a mark by a bit in the receiver sample rate device inter- 
face memory. 



Asynchronous characters are accepted by the transmitter on the 
TXD serial input and issued by the receiver on the RXD serial 
output. To configure the converters, the host must set up interface 
memory bits EXOSO, PENO, STBO and WDSZO bits before setting 
ASYNO for the transmitter and EX0S1 . PEN1 . STB1 and WDSZ1 
bits before setting ASYN1 for the receiver. (See description of these 
bits in Table 8.) Asynchronous data mode is not supported in 
V.32 12000 bps. 

AUTO-DIALING AND AUTO-ANSWERING CONTROL 

General Description 

Functions are provided to allow the host to perform auto-dialing 
and auto-answering. These functions include DTMF or pulse dial- 
ing, ringing detection and a comprehensive supervisory tone 
detection scheme. The major parameters of these functions are 
host programmable, enabling the host to customize the modem 
to work on the public switched telephone network (PSTN). 

Supervisory Tone Detection 

Three parallel tone detectors (A, B, and C) are provided for super- 
visory tone detection. The signal path to these detectors Is 
separate from the main received signal path. Therefore, the tone 
detect signal does not pass through the highpass section of the 
analog receive bandpass filter, enabling the tone detection to be 
largely independent of the receiver status. The tone detection 
bandwidth depends on the configuration: 




ECHO CANCELLER 

A data echo canceller with near-end and far-end echo cancella- 
tion is included for 2-wire full duplex V.32 operation. The combined 
echo span of near and far cancellers is host programmable with 
a default value of 53.3 ms (53.3 ms is also the maximum program- 
mable value). The proportion allotted to each end is host program- 
mable with default values of 23.3 ms for near-end and 30 ms for 
far-end. The delay between near-end and far-end echoes can be 
up to 1 .7 seconds. The canceller can compensate for ± 7 Hz fre- 
quency offset in the far-end echo. 

The echo canceller error signal may be monitored through the 
transmitter DSP interface memory. 

ASYNC/SYNC, SYNC/ASYNC CONVERSION 

An asynchronous-to-synchronous converter is provided in the 
transmitter and a synchronous-to-asynchronous converter is 
provided in the receiver. The converter operates in serial mode 
only. The asynchronous character format is 1 start bit, 5 to 8 data 
bits, an optional parity bit, and 1 or 2 stop bits. Valid character sizes, 
including all bits, are 7, 8, 9, 10 and 11 bits per character. Two ranges 
of signaling rates are provided: 



Basic range: +1% to -2.5% 
Extended overspeed range: + 2.3% to 



2.5% 



When the transmitter's converter is operating at the basic signal- 
ing rate, no more than one stop bit will be deleted per 8 consecu- 
tive characters. When operating at the extended rate, no more than 
one stop bit will be deleted per 4 consecutive characters. Break 
is handled in the transmitter and receiver as described in V.22 bis. 



Receiver Configuration 


Tone Detection Bandwidth 


V.32, V.23 


0-3400 Hz 


V.22 bis, V.22, Bell 21 2A, 


0-2800 Hz 


Belli 03 Originate 




V.22 bis, V.22, Bell 21 2A, 


0-1700 Hz 


Bell 103 Answer 




V.21 Onginate 


0-2200 Hz 


V.21 Answer 


0-1300 Hz 



There are, however, some restrictions depending on the receiver 
configuration and status: 

1 . When DATA1 bit (see Table 8) is a 0, all three tone detectors are 
enabled. 

2. When DATA1 bit is a 1 and the receiver is in synchronous mode 
(except V.32 12000), tone detectors A and B are enabled and 
tone detector C is disabled. 

3. When DATA1 bit is a 1, the receiver is In asynchronous mode 
or V.32 12000, and the TDAE bit is a 1 , tone detector A is enabled 
and tone detectors B and C are disabled. 

4. All three tone detectors are disabled during a V.32 handshake. 

Each tone detector consists of two cascaded second order IIR 
biquad filters. The coefficients are host programmable. Each fourth 
order filter is followed by a level detector which has host program- 
mable turn-on and turn-off thresholds allowing hysteresis. Tone 
detector C is preceded by a prefilter and squarer. This is useful 
for detecting a tone with frequency equal to the difference between 
two tones that may be simultaneously present on the line. The 
squarer may be disabled by the SQDIS bit in interface memory 
causing tone detector to be an eighth order filter. 
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Supervisory Tone Detectors, Default Characteristics 

The default bandwidths and thresholds of the tone detectors are 
as follows: 



Tone Detector 




Turn-On 
Threshold 


Turn-Off 
Threshold 


A 

B 

C Prefilter 

C 


245-650 Hz 

360-440 Hz 

0-500 Hz 

50-110 Hz 


-25 dBm 

-25 dBm 

N/A 


-31 dBm 

-31 dBm 

N/A 


*Tone Detector C will detect a difference tone within its bandwidth 
when the two tones present are in the range -1 dBm to -26 dBm. 



Edge triggered Inputs are denoted by a small triangle (e.g., 
TDCLK). Open-Collector (open-source or open-drain) outputs are 
denoted by a sm all half -circle (e.g., IRQ). Active Ibw signals are 
overscored (e.g., FOR). 



A clock intended to activate logic on its rising e dge (low-to-high 
transition) is called active low (e.g., RDCLK), while a clock 
Intended to activate logic on its falling edge (high-to-low transi- 
tion) is called active high, (e.g., TDCLK). When a clock input is 
associated with a small circle, the input activates on a falling edge. 
If no circle Is shown, the input activates on a rising edge. 



HARDWARE INTERFACE SIGNALS 

The functional interconnect diagram (Figure 1) shows the typical 
modem connection in a system. In this diagram, any point that 
is active low is represented by a small circle at the signal point. 



The hardware interconnect signals shown in Figure 1 are 
organized into six functional groups: overhead, microprocessor 
interface, V.24 interface, ancillary, analog, and diagnostic. These 
signals, along with their connector pin numbers and interface cir- 
cuit types, are listed in Table 3. The digital Interface characteris- 
tics are defined in Table 4. 
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Figure 1 . R9696DP Functional Interconnect Diagram 
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Table 3. R9696DP Hardware Interface Signals 



Name 


Typei 


Pin No.2 1 Description 


A. OVERHEAD: 


Ground (A) 


AGND 


30.31 


Analog Ground Return 


Ground (D) 


DGND 


29,37,53 


Digital Ground Return 


+ 5V 


PWR 


1,45,61 


+5 Volt Supply 


+ 12V 


PWR 


32 


+ 12 Volt Supply 


-12V 


PWR 


36 


-12 Volt Supply 


POR 


lA/OB 


2 


Power-On-Reset 


B. MICROPROCESSOR INTERFACE: 


D7 


lA/OB 


3 




D6 


lA/OB 


4 


1 




D5 


lA/OB 


5 






D4 
D3 


lA/OB 
lA/OB 


6 
7 




• Data Bus (8 Bits) 


D2 


lA/OB 


8 






D1 


lA/OB 


9 






DO 


lA/OB 


10 


-1 




RS4 


lA 


15 






RS3 


lA 


16 






RS2 


lA 


17 




" Register Select 


RSI 


lA 


18 




(5 Bits) 


RSO 


lA 


19 


J 




CSO 


lA 


20 


Chip Select 
Transmitter Device 


CS1 


lA 


21 


Chip Select Receiver 








Sample Rate Device 


CS2 


lA 


13 


Chip Select Receiver 
Baud Rate Device 


READ 


lA 


14 


Read Enable 


WRITE 


lA 


12 


Write Enable 


IRQ 


OC 


11 


Interrupt Request 



Name | Type^ 


Pin No.2 


Description 


C. V.24 INTERFACE: 


RDCLK 


OA 


23 


Receive Data Clock 


TDCLK 


OA 


46 


Transmit Data Clock 


XTCLK 


lA 


51 


External Transmit Clock 


RTS 


lA 


50 


Request-to-Send 


CTS 


OA 


49 


Clear-to-Send 


TXD 


lA 


48 


Transmitter Data 


RXD 


OA 


26 


Receiver Data 


RLSD 


OA 


27 


Received Line Signal Detector 


DTR 


lA 


40 


Data Terminal Ready 


DSR 


OA 


41 


Data Set Ready 


Rl 


OA 


25 


Ring Indicator 


D. ANCILLARY CIRCUITS: 


RBCLK 


OA 


22 


Receiver Baud Clock 


TBCLK 


OA 


47 


Transmitter Baud Clock 


TMXCLK 


OA 


43 


Transmitter IVIux Clock 


E. LINE INTERFACE: 


TXA 


AA 


34 


Transmitter Analog Output 


RXA 


AB 


33 


Receiver Analog Input 


OHRC 


OD 


35 


Off-Hook Relay Control 


RD 


lA 


24 


Ring Detect 


F. DIAGNOSTIC: 


EYEX 


OA 


56 


Eye Pattern Data— X Axis 


EYEY 


OA 


55 


Eye Pattern Data— Y Axis 


EYECLK 


OA 


57 


Eye Pattern Clock 


EYESYNC 


OA 


58 


Eye Pattern Synchronizing 
Signal 


Notes: 






1. Refer to Table 4 for digital circuit interface characteristics and 


Table 7 for analog circuit interface characteristics. 


2. The following pins should be left open: 28, 39, 44, 52. 59 and 60. 


3. The following pins are 


not used but should be connected to 


DGND through individual 10 KQ series resistors: 38, 42 and 54. 


4. Unused inputs tied to + 


5V or ground require individual 10 KQ series 


resistors. 











Table 4. 


Digital Interface Characteristics 






Symbol 


Parameter 


Units 


Input/Output Type 


lA 


OA 


OB 


OC 


OD 


V|H 


Input Voltage, High 


V 


2.0 Min. 










V,L 


input Voltage, Low 


V 


0.8 Max. 










Vqh 


Output Voltage, High 


V 




3.5 Min.i 


3.5 Min.i 




5.0 Max. 


Vol 


Output Voltage. Low 


V 




0.4 Max.2 


0.4 Max.3 


0.4 Max.2 


0.75 Typ.2 


l|N 


Input Current, Leakage 


mA 


±2.5 Max. 










"oh 


Output Current, High 


mA 




-0.1 Max. 


-0.1 Max 




04 


loL 


Output Current. Low 


mA 




1.6 Max. 


0.8 Max. 


1.6 Max. 


15.0 Max.5 


II 


Output Current, Leakage 


fJK 




± 10 Max. 


± 10 Max. 






Cl 


Capacitive Load 


PF 


5 










Cd 




PF 




100 


100 


100 






Circuit Type 




TTL 


TTL 3-state 


TTL 3-state 


Open-Drain 


Open-Drain 


1. 1 
2. 


Load - -lOO^A 3. 1 
Load = 1.6 mA 4. fi 


Load = 0.8 n 
A leakage 


Notes 

fiA 5. Can drive a + 5V relay with coil resista 


nee greater than 36 


oa 
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POWER-ON-RESET 

When pow er is a pplred to the modem, the modem pulses Power- 
On-Reset (POR) low to begin the POR sequence. The mo dem is 
ready to use 350 ms after the low-to-high transition of POR. 
The POR sequence \s reinitiated any time the + 5V supply drops 
below + 3.5V for more th an 30 ms, or an external device drives 
POR low for at least 3 fis. POR is not pulsed low by the modem 
when the POR sequence Is initiated externally. The POR 
sequence Initializes the modem interface memory to default 
values (Table 8). This action leaves the modem configured as 
follows: 

• V.32 9600 TOM 

• Synchronous mode 

• Originate mode 

• Serial channel data 

• T equalizer 

• - 43 dBm receiver threshold 

• Transmitter compromise equalizer enabled 

• Automatic rate change enabled 

• Train-on-data disabled 

NOTE: If the modem is used in applications where the supply 
voltage can drop below + 4.75V but not low enough to cause a 
P OR se quence (i.e., < +3.5V), the host system should generate 
a POR signal upon supply voltage recovery to ensure proper 
modem initialization and operation. 

MICROPROCESSOR INTERFACE 

Nineteen address, data, control, and interrupt hardware interface 
signals allow modem connection to an 8086 compatible 
microprocessor. With the addition of external logic, the interface 
can be made compatible with a wide variety of other microproces- 
sors such as the 6502, 8086 or 68000. 

The microprocessor interface allows a microprocessor to change 
modem configuration, read or write channel and diagnostic data, 
and supervise modem operation by writing control bits and read- 
ing status bits. The significance of the control and status bits, along 
with the methods of data Interchange, are discussed in the Soft- 
ware Interface Section. 

Data Lines (D0~D7) 

Eight bidirectional data lines (D0-D7) provide parallel transfer of 
data between the host and the modem. The most significant bit 
is D7. Data direction is controlled by the Read Enable and Write 
Enable signals. 

Chip Selects (CS0-CS2) and 
Register Selects (RS0-RS4) 

The three active low chip select lines (CS0-CS2) select one of 
three modem digital signal processor (DSP) devices. The five 
active high register select lines (RS0-RS4) address interface 
memory registers within the selected DSP interface memory. All 
eight of these lines ars typically connected to the host bus address 
lines; the register select lines to the five least significant lines 
(A0-A4) and the chip select lines to the next two significant lines 
(A5-A6) through a decoder. 



The selected DSP decodes RSO through RS4 to address one of 
32 internal interface memory registers (00-1 F). The most signifi- 
cant address bit is RS4 while the least significant address bit is 
RSO. The selected register can be read from or written into via the 
8-bit parallel data bus (D0-D7). The most significant data bit is D7 
while the least significant data bit is DO. 



Read Enable (READ) and Write Enable (WRITE) 

During a read cycle, data from the selected DSP interface memory 
register is gated onto the data bus by means of three-state drivers 
in each DSP. These drivers force the data lines high for a one bit, 
or low for a zero bit. When not being read, the three-state drivers 
assume their high-impedance (off) state. 

During a write cycle, data from the data bus is copied into the 
selected DSP interface memory register, with high and low bus 
levels representing one and zero bit states, respectively. 

The read/write cycle timing waveforms are illustrated in Figure 2 
and the timing requirements are specified in Table 5. 



Table 5. Microprocessor Interface Timing Parameters 



Parameter 


Symbol 


MIn. 


Max. 


Units 


CSi Setup Time 


TCS 





— 


ns 


RSI Setup Time 


TRS 


25 


— 


ns 


Data Access Time 


TDA 


— 


75 


ns 


Data Hold Time 


TDHR 


10 


— 


ns 


Control Hold Time 


THC 


10 


— 


ns 


Write Data Setup Time 


TWOS 


20 


— 


ns 


Write Data Hold Time 


TDHW 


10 


— 


ns 



Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be connected to 
the host processor interrupt request input in order to inter rupt host 
program execution for immediate modem service. The IRQ out- 
put can be enabled in the DSP interface memory to indicate 
immediate change of conditions in any of the three modem DSP 
devices. The use of IRQ is optional depending upon modem 
application. Refer to the Software Considerations Section for a 
summary of the modem interrupt bits, interrupt conditions and 
interrupt clearing procedures. 

The DSP TrQ output structure is an ope n-dra in field-effect- 
transistor (FET). Each of the in divid ual DSP IRQ output lines is 
wire -ORed to form the modem IRQ output sig nal. T he modem 
IRQ output can also be wire-ORed with other IRQ lines in the 
application system. Any of these sources can drive the host inter- 
rupt input low, and the host interrupt servicing process normally 
cont inues until all interrupt requests have been serviced (i.e., all 
IRQ lines have returned high). 

Because of the open-drain structure of IRQ, an external pull-up 
resistor to +5V is required at some point on the IRQ line. The 
resistor value should be small enough to pull the IRQ line high 
when all IRQ drivers are off (I.e., it must overcome the leakage 
currents). The resistor value should be large enough to limit the 
driver si nk c urrent to a level acceptable to each driver. If only the 
modem IRQ output is used, a resistor value of 5.6K ohms ± 20%, 
0.25W, is sufficient. 
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Figure 2. Microprocessor interface Timing Waveforms 



V.24 INTERFACE 

Eleven pins provide timing, data, and control signals for 
implementing a CCITT Recommendation V.24 compatible serial 
interface. These signals are TTL compatible in order to drive the 
short wire lengths and circuits normally found within stand-alone 
modem enclosures or equipment cabinets. For driving longer 
cables, these signals can be easily converted to RS-232-C voltage 
levels using 1489 receivers and 1488 drivers, or their equivalents. 

Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the local 
DTE on the Transmitted Data (TXD) input. 

Received Data (RXD) 

The modem presents received serial data to the local DTE on the 
Received Data (RXD) output. 

Request To Send (RTS) 

Activating Request to S end ( RTS) causes the mode m to trans- 
mit data on TXD when CTS becomes active. The RTS pin is 
logically ORed with the RTS bit. 

Clear To Send (CTS) 

Clear to Send (CTS) active indicates to the local DTE 
that the modem will transmit any data prese nt on TXD. CTS 
response times from an active condition of RTS are shown 
in Table 2. 



Received Line Signal Detector (RLSD) 

Received Line Signal Detector (RLSD) active indicates to the local 
DTE that energy above the receive level threshold is present on 
the receiver Input, and that the energy is not a training sequence. 



One of four RLSD receive level threshold options can be selected 
(Table 6). A minimum hysteresis action of 2 dB exists between the 
actual off-to-on and on-to-off transition levels. The threshold level 
and hysteresis action are measured with a modulated signal 
applied to the Receiver Analog (RXA) input. Note that performance 
may be degrade d whe n the received signal level is less than 
-43 dBm. The RLSD on and off thresholds are host pro- 
grammable in DSP RAM. 



Table 6. RLSD On and OFF Thresholds 



Option 


Receive l^evel 


RLSD On 


RLSD Off 



1 
2 
3 


>-43dBm 
> -33 dBm 
>-26dBm 
>-16dBm 


<-48dBm 
< -38 dBm 
<-31 dBm 
<-21 dBm 



Data Terminal Ready (DTR) 

In V.32, V.22 bis, V.22 and Bell 212A configurations, activating Data 
Terminal Ready (DTR) initiates the handshake sequence, provided 
that the DATAO bit is a 1. If in answer mode, the transmitter will 
immediately send answer tone. 

In V.21, V.23 and Bell 103 configurations, activating DTR causes 
the modem to enter the data state provided that the DATAO bit is 
a 1. If in answer mode, the transmitter will immediately send 
answer tone. In these modes, if controll ed ca rrier Is enabled, 
carrier is controlled by Request-to-Send (RTS). 

During the data mode, deactivating DTR causes the transmitter 
to turn-off and return to the idle state. 

The DTR input and the DTR control bit in chip are logically 
ORed. 
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Data Set Ready (DSR) 

Data Set Ready (DSR) ON indicates thaUhe modem is in the data 
transfer state. The OFF condition of DSR indicates that the DTE 
is to disregard all signals appearing on the interchange circuits 
except Ring Indicator (Rl). DSR is OFF when the modem is in a 
test mode (i.e., local analog or remote digital loopback). 

The DSR status bit in chip reflects the state of the DSR output. 



Ring Indicator (Rl) 

The Ring Indicator (Rl) output follows the ringing signal present 
on the line with a low level (OV) during the ON time, and a high 
level ( + 5V) during the OFF time coincident with the ringing signal. 

The Rl status bit in chip 2 reflects the state of the Rl output. 



Transmit Data Clock (TDCLK) 

The modem outputs a synchronous Transmit Data Clock (TDCLK) 
for USRT timing. The TDCLK frequency is the data rate ( ± 0.01%) 
with a duty cycle of 50 ±1%. 

Transmit Data (TXD) must be stable during the one fis periods 
immediately preceding the rising edge of TDCLK and following 
the rising edge of TDCLK. The TDCLK source can be internal, 
external (input on XTCLK) or slave (to RDCLK) as selected by 
bits in the transmitter interface memory. 

External Transmit Clock (XTCLK) 

In synchronous communication, an external transmit data clock 
can be connected to the modem XTCLK input. The clock supplied 
at XTCLK must exhibit the same characteristics as TDCLK. The 
XTCLK input is then reflected at the TDCLK output. 



Receive Data Clock (RDCLK) 



The modem outputs a synchro nous Receive Data Clock (RDCLK) 
for USRT timing. The RDCLK freq uency is the data rate ( ± 0.01%) 
with a duty cycle of 50 ± 1%. The RDCLK low-to-high transitions 
coincide with the center of the received data bits. The timing recov- 
ery circuit can track a ± 0.01% frequency error in the associated 
transmit timing source. 

ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud Clock 
(RBCLK) outputs have no counterpart in the V.24 or RS-232-C 
recommendations since they mark the baud interval rather than 
the data rate for the transmitter and receiver, respectively. These 
baud clocks are useful in identifying the order of data bits in a baud 
(e.g., for multiplexing data). Both signals are active high. The first 
bit in each baud begins with the falling edge of the correspond- 
ing baud clock. 



Transmitter Multiplexer Clock (TMXCLK) 

The Transmitter Multiplexer Clock (TMXCLK) output is a 288 kHz 
clock which is internally divided down to create the Transmitter 
Baud Clock (TBCLK). TMXCLK is also a common multiple of all 
the possible transmitter data clocks. The high-to-low transitions 
of TDCLK coincide with the high-to-low transitions of TMXCLK. 

LINE INTERFACE 

The Transmitter Analog (TXA) output and Receiver Analog (RXA) 
input allow modem connection to either a leased line or the pub- 
lic switched telephone network (PSTN) through an audio trans- 
former or a data access arrangement. The analog signal charac- 
teristics of TXA and RXA are described in Table 7. 

Table 7. Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 


AA 
AB 


The transmitter output impedance is 604 ohms ± 1%. 
The receiver input impedance is 66.5K ohms. 



Transmitter Analog (TXA) 

The Transmitter Analog (TXA) output can drive an audio trans- 
former or data access arrangement. TXA is a low impedance 
amplifier output in series with an internal 604 ohm ± 1% resistor 
to match a standard telephone load of 600 ohms. 

Receiver Analog (RXA) 

The Receiver Analog (RXA) input can originate from an audio 
transformer or data access arrangement. The input impedance 
is nominally 66.5K ohms. The RXA input must be shunted by an 
external 604 ohm ± 1% resistor in order to match a 600 ohm 
source. 

The maximum received signal at RXA is dBm. The maximum 
near-end echo at RXA that the modem can cancel in V.32 mode 
is -5 dBm. 

Transient protection for TXA and RXA is recommended when inter- 
facing directly to a transformer. This protection may take the form 
of back-to-back zener diodes or a varistor across the transformer. 

Ring Detect (RD) 

The Ring Detect (RD) input is monitored for pulses in the range 
of 15 Hz to 68 Hz. The frequency detection range may be changed 
by the host in DSP RAM. The circuit driving RD should be a 4N35 
optoisolator or equivalent. The circuit driving RD should not 
respond to momentary bursts of ringing less than 125 ms in dura- 
tion, or less than 40 VRMS (15 Hz to 68 Hz) across TIP and RING. 

DATA2 bit must be set to a to^nable ring detection. Detected ring 
signals are reflected on the Rl output. 



Off-Hook Relay Control (OHRC) 



OHRC is an output designed to drive directly a + 5V reed relay 
coil with a worst case resistance of 360 ohms having a must oper- 
ate voltage of 4.0 Vdc. A clamp diode integrated in the modem 
eliminates the need for a diode across the relay coil. An 
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external transistor ca n be us ed to drive heavier loads (e.g., electro- 
mechanical relays). OHCR is controlled by the host setting the 
RA bit in the interface memory. 



Line Transformer Requirements for V.32 

V.32 places high requirements upon the Data Access Arrangement 
(DAA) to the telephone line. V.32 uses the same bandwidth for 
transmission of data in both directions. Any non-linear distortion 
generated by the DAA in the transmit direction (known as near- 
end echo) cannot be canceled by the modem's echo canceller and 
interferes with data reception. The user must therefore ensure that 
the total harmonic distortion due to near-end echo at the RXA input 
to the R9696DP is at least 27 dB below the minimum level of 
received signal at the same point. Note that the major source of 
non-linear distortion in a DAA is the line transformer. When design- 
ing a DAA the user should take into account a worst case sub- 
scriber line, giving very poor matching to the DAA hybrid circuit 
and resulting in a large near-end echo (to simulate worst case con- 
ditions it is suggested that an 1800 ohm resistor in series with a 
0.47 iiF capacitor be used in place of the two wire telephone line). 



DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to create an 
oscilloscope quadrature eye pattern. The eye pattern is simply a 
display of the received baseband constellation. By observing this 
constellation, common line disturbances can usually be identified. 
Timing of these signals is illustrated in Figure 3. 



EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit streams con- 
taining data for display on the oscilloscope X axis and Y axis, 
respectively. This serial digital data must first be converted to 
parallel digital form by two serial-to-parallel converters and then 
to analog form by two digital-to-analog (D/A) converters. 

EYEX and EYEY outputs are 15-bit words, each with 8-bits of sig- 
nificance. The 15-bit data words are shifted out most significant 
bit first with the seven most significant bits e qual to ze ro. EYEX 
and EYEY are clocked by the rising edge of EYECLK. 



EYECLK 



EYECLK is a clock for use by the serial-to-parallel converters. The 
EYECLK output is a 288 kHz clock which is inte rnally divid ed down 
to create the Receiver Baud Clock (RBCLK). EYECLK is also a 
common multiple of all t he possi ble receiver data clocks. The iow- 
to-high transi tions of RDCLK c oincide with the low-to-high 
transitions of EYECLK. EYECLK, therefore, can be used as a 
receiver multiplexer clock. 



EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 




Figure 3. Eye Pattern Timing 



SOFTWARE INTERFACE 

Modem functions are implemented in firmware executing in 
three DSPs: transmitter device, receiver sample rate device, and 
receiver baud rate device. 



INTERFACE MEMORY 

Each DSP communicates with the host processor by means of a 
dual-port, interface memory. The interface memory In each DSP 
contains thirty-two 8-bit registers, labeled register 00 through 1F. 
Each register can be read from, or written into, by both the host and 
the DSP. The host communicates with the DSP interface memory 
via the microprocessor bus shared between the three DSPs. 

The host can control modem operation by writing control bits to 
DSP interface memory and writing parameter values to DSP RAM 
through the interface memory. The host can monitor modem oper- 
ation by reading status bits from DSP Interface memory and read- 
ing parameter values from DSP RAM through interface memory. 

INTERFACE MEMORY MAPS 

Memory maps of the 96 addressable registers in the modem trans- 
mitter (chip 0), receiver sample rate (chip 1), and receiver baud 
rate (chip 2) devices are shown in Figure 4. These 8-bit registers 
may be read or written during any host read or write cycle. In order 
to operate on a single bit or a group of bits in a register, the host 
processor must read a register then mask out unwanted data. 
When writing a single bit or group of bits in a register, the host 
processor must perform a read-modlfy-write operation. That is, 
read the entire register, set or reset the necessary bits without 
altering the other register bits, then write the unaffected and modi- 
fied bits back into the interface memory. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 8 defines the individual bits in the interface memory. In the 
Table 8 descnptions, bits In the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by 
Y (0,1 or 2), the register number by Z (00 through IF), and the bit 
number by Q (0 through 7, = LSB). 
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R9696DP DSP Interface Memory (Chip 0) 



RegisterSs^ 


7 


6 


5 


4 


3 


2 


1 





1F 


NSIAO 


NCIAO 


— 


NSIEO 


NEWSO 


NCIEO 


— 


NEWCO 


IE 


_ 


DBIAO 


_ 


_ 


_ 


DBIEO 


_ 


DBAO 


ID 


XACCO 


— 


— 


— 


— 


XCRDO 


XWTO 


XCRO 


1C 


X RAM ADDRESS (XADDO) 


1B 


YACCOl - 1 - i - 1 - lYCRDOl YWTO | YCRO 


1A 


Y RAM ADDRESS (YADDO) 


19 


X RAM DATA MSB (XDAMO) 


18 


X RAM DATA LSB (XDALO) 


17 


Y RAM DATA MSB (YDAMO) 


16 


Y RAM DATA LSB (YDALO) 


15 





— 

















EARCO 


14 


_ 




_ ' 


_ 


_ 


_ 


_ 


_ 


13 


TLVL 


— 


— 


TXCLK 1 


12 


TCC 


)NF 1 


11 


_ 


— 


_ 


_ 


_ 


_ 


_ 


_ 


10 


_ 























OF 


_ 


_ 


CTS 


DSR 


_ 


TM 


_ 


_ 


OE 


_ 























OD 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


HKABO 


OC 


_ 























OB 


_ 























OA 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


09 


NV25 


cc 


DTMF 


ORG 


LLO 


DATAO 


_ 


DTR 


08 


ASYNO 


TPDM 


V21S0 











RTRN 


RTS 


07 


_ 


RDL 


L2ACT 


_ 


L3ACT 


_ 


RA 


MHLD 


06 


_ 


EXOSO 


- 





PENG 


STBO 


WDSZO i 


05 


ECFZ 


ECSQ 


FECSQ 


TXSQ 


CEQ 


_ 


STOFF 


TSPA 


04 


_ 





















03 


_ 


_ 


_ 


_ 


ARCO 


SDIS 


GTE 


GTS 


02 


_ 





















01 


TSPY 


00 


TBUFFER/TSPX 


(—) Indicates reserved for modem use only. 


R9696DP DSP Interface Memory (Chip 1) 


"^^ Bit 
Reglster\ 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIA1 


NCIA1 


— 


NSIE1 


NEWS1 


NCIE1 


_ 


NEWC1 


IE 


_ 


DBIA1 


_ 


_ 


_ 


DBIE1 


_ 


DBA1 


ID 


XACC1 


_ 


_ 


_ 


_ 


XCRD1 


XWT1 


XCR1 


1C 


X RAM ADDRESS (XADD1) 


IB 


YACC1 1 - 1 - i - 1 - lYCRDl 1 YWT1 | YCR1 


1A 


Y RAM ADDRESS (YADD1) 


19 


X RAM DATA MSB (XDAM1) 


18 


X RAM DATA LSB (XDAL1) 


17 


Y RAM DATA MSB (YDAM1) 


16 


Y RAM DATA LSB (YDAL1) 


15 


-l-l-l-l-l-l- IEARC1 


14 


ABCODE 


13 


- 1 - 1 - i - 1 RTH 1 - 1 - 


12 


RCONF 


11 


_ 























10 


_ 


_ 


_ 


_ 


_ 


— 


— . 


_ 


OF 


RLSD 


FED 


^ 

















0^ 


RTDET 


_ 


_ 


_ 


— 


SPEED 


OD 


— 


_ 


S1DET 


SCR1 


U1DET 


SADET 


_ 


HKAB1 


OC 


AADET 


ACDET 


CADET 


CCDET 


SDET 


SNDET 





RSEQ 


OB 


TONEA 


TONEB 


TONEC 


ATV25 


ATBEL 


V21 


_ 


_ 


OA 


_ 























09 


_ 


_ 


_ 


_ 


LL1 


DATA1 


_ 


_ 


08 


ASYN1 





V21S1 















07 


ROLE 


_ 


_ 




_ 


_ 


_ 


_ 


06 


— 


EX0S1 


— 


— 


PEN1 


STB1 


WDSZ1 


05 


_ 











CEQ23 











04 


_ 


— 


— 


_ 


_ 


_ 


_ 


_ 


03 


_ 


_ 


— 


RLSDE 


ARC1 


— 


_ 


— 


02 


TDAE 


SQDIS 

















_ 


01 


RSEQM 


00 


RBUFFER/RSEQL 


(— ) Indicates reserved for modem use only. 



R9696DP Interface Memory (Chip 2) 



X^^ Bit 
Registe^\ 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIA2 


_ 


— 


NSIE2 


NEWS2 


— 


— 


— 


IE 




DBIA2 


— 


_ 


_ 


DBIE2 


_ 


DBA2 


ID 


XACC2 


_ 


— 


_ 


_ 


XCRD2 


XWT2 


XCR2 


1C 


X RAM ADDRESS (XADD2) | 


IB 


YACC2I - 


_ 1 _ 1 _ IYCRD2I YWT2 | YCR2 I 


1A 


Y RAM ADDRESS (YADD2) 


19 


X RAM DATA MSB (XDAM2) 


18 


X RAM DATA LSB (XDAL2) 


17 


Y RAM DATA MSB (YDAM2) 


16 


Y RAM DATA LSB (YDAL2) 


15 


























14 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


13 


_ 


_ 


_ 


— 


_ 


— 


— 


— 


12 




















— 





11 


























10 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OF 


_ 


_ 


_ 


_ 


Rl 


_ 


— 


— 


OE 











— 








— 





OD 


— 


_ 


_ 


_ 


_ 


— 


— 


_ 


OC 


























OB 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OA 


_ 


_ 


_ 


_ 


— 


_ 


— 


_ 


09 

















DATA2 








08 


_ 


— 


_ 


DDIS 


_ 


— 


— 


— 


07 











— 








— 





06 


,_ 


— 


_ 


_ 


_ 


_ 


_ 


_ 


05 


— 


— 


— 


— 


— 


— 


— 


— 


04 


EQRES 


EQT2 


— 


RSPA 


EQFZ 


IFIX 


TOD 


— 


03 


_ 


_ 


_ 


_ 


_ 


_ 


— 


_ 


02 








AMTD 

















01 


RSPY 


00 


RSPX 




(— ) Indicate 


s reserved for modem use only. 



Figure 4. R9696DP DSP Interface Memory Map 
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Table 8. R9696DP Interface Memory Bit Definitions 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



AADET 
ABCODE 



1:C:7 
1:14:0-7 



00 



ACDET 
AMTD 

ARCO 



1:C:6 
2:2:5 

0:3:3 



ARC1 
ASYNO 



1:3:3 
0:8:7 



ASYN1 



ATBEL 



ATV25 



1:B:3 



1:8:4 



AA Detector. When set to a 1 , status bit AADET indicates that a V.32 AA sequence has been 
detected. This bit is reset to a by the modem at the start of the CC sequence. (V.32) 

Abort Code. If the V.32 handshal<e fails, status bit HSKAB is set to a 1 and an abort code is written 
into ABCODE. This code indicates the point in the handshake where the failure occurred. The abort 
code is not cleared by the modem but should be cleared by the host after it has been read. 
The abort codes and their meanings are listed in the table below. Refer to CCITT Recommendation 
V.32 for meanings of the signal mnemonics used. (V.32) 
Abort Code Reason for Aborting 

00 No failure. 

01 Failed to detect AC/CA transition (calling). 
Failed to detect AA/CC transition (answering). 

02 Failed to detect CA/AC transition (calling). 

03 Not used. 

04 Timed out waiting for signal at the start of the S sequence. 

05 Failed to detect S sequence. 

06 Not used. 

07 Failed to detect Rate sequence (R1, R2 or R3). 

08 Failed to detect S/S transition. 

09 Failed to detect E sequence. 

OA Power loss during TRN or Rate sequence. 

AC Detector. When set to a 1, status bit ACDET indicates that a V.32 AC sequence has been detected. 
This bit is reset to a by the modem when a CA sequence or an energy dropout is detected. (V.32) 

Amplitude Modulation Tracl(er Disable. When control bit AMTD is a 0, an adaptive amplitude 
modulation tracker is enabled in the receiver; when a 1, the tracker is disabled. (V.32, V.22 bis, V.22, 
Bell 212A) 

Automatic Rate Change Enable Chip 0. When control bits ARCO and ARC1 are a 1, the modem will 
automatically condition itself to transmit data at the highest common rate negotiated during the V.32 
handshake. The host may specify the undefined bits in the rate sequence in DSP RAM. When ARCO 
and ARC1 are a 0, the modem cannot change from the rate it is configured to before beginning the 
handshake. However, it is possible for the host to interact with the rate sequences during the 
handshake and then set the transmitter configuration as desired. (See EARCO.) (V.32) 
When control bit ARCO and ARC1 are a 1, then setting the RTRN bit will cause the modem to send a 
rate change sequence, rather than the normal retrain sequence. (V.22 bis) (See RTRN.) 

Automatic Rate Change Enable Chip 1. See ARCO and EARCO. 

Asynchronous/Synchronous. When configuration bit ASYNO is a 1, asynchronous mode is selected 
in the transmitter; when 0, synchronous mode is selected. When the ASYNO bit changes from to 1, 
the transmitter's asynchronous to synchronous converter is configured according to the EXOSO, 
PENO, STBO and WDSZO bits at that time. (EXOSO, PENO, STBO and WDSZO must be configured 
before ASYNO changes from a to a 1.) ASYNO may be used to switch between synchronous and 
asynchronous modes at any time in idle or data mode. Do not set this bit in V.21, V.23 or Bell 103 
modes. Asynchronous operation is not available in V.32 12000 bps. (V.32, V.22 bis, V.22, Bell 212A) 

Asynchronous/Synchronous. When configuration bit ASYN1 is a 1, asynchronous mode is selected 
in the receiver; wlien 0, synchronous mode is selected. When the ASYN1 bit changes from to 1, the 
receiver's synchronous to asynchronous converter is configured according to the EX0S1, PEN1, STB1 
and WDSZ1 bits at that time. (EX0S1, PEN1, STB1 and WDSZ1 must be configured before ASYN1 
changes from a to a 1.) ASYN1 may be used to switch between synchronous and asynchronous 
modes at any time in idle or data mode. Do not set this bit in V.21, V.23 or Bell 103 modes. 
Asynchronous operation is not available in V.32 12000 bps. (V.32, V.22 bis, V.22, Bell 212A) 

Bell Answer Tone Detector. When set to a 1, status bit ATBEL signifies that the modem receiver 
detected a 2225 Hz answer tone. The bit is set to a 1 when the answer tone is detected, and is cleared 
to a when the tone ends. ATBEL is only active when the DATA1 bit is a and the modem is in 
originate mode. (Bell 212A, Bell 103) 

V25 Answer Tone Detector. When set to a 1, status bit ATV25 signifies that the modem receiver 
detected a 2100 Hz answer tone. The bit is set to a 1 when the answer tone is detected, and is cleared 
to a when the tone ends. ATV25 is only active when the DATA1 bit is a and the modem is in 
originate mode. (V.32, V22 bis, V22, V23, V21) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 


Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


CADET 


1:C:5 


— 


CA Detector. When set to a 1 , status bit CADET indicates that a V.32 CA sequence has been 
detected. This bit is reset to a by the modem when a AC sequence is detected. (V.32) 


CC 


0:9:6 





Controlled Carrier. When control bit CC is a 1 , the modem operates in controlled carrier; when 0, the 
modem operates in constant carrier. 

Controlled carrier allows the modem transmitter to be controlled by the RTS pin or the RTS bit 
(see Table 2). In V.22 bis and V.22 controlled carrier, when the RTS pin goes to a 0, or the RTS bit set 
to a 1 , the transmitter immediately sends scrambled ones for 270 ms and then turns on the CTS 
signal and the CTS bit. At 2400 bps, it is recommended that a retrain be sent once in the data mode 
to ensure that synchronization occurs. (V.22 bis, V22, V.21, V.23, Bell 103) 


CCDET 


1:C:4 


— 


CC Detector. When set to a 1 , status bit CCDET indicates that a V.32 CC sequence has been 
detected. This bit is reset to a by the modem when an energy dropout is detected. (V.32) 


CEQ 


0:5:3 


1 


Compromise Equalizer Enable. When control bit CEQ is a 1, the transmitter's digital compromise 
equalizer is inserted into the transmit path. This bandpass equalizer has host programmable taps in 
DSP RAM. CEQ should be a dunng local analog loopback. 


CEQ23 


1:5:3 





V.23 Compromise Equalizer Enable. When control bit CEQ23 is a 1, the receiver's digital 
compromise equalizer is inserted into the receive path. This equalizer can only be enabled in V.23 
1200 and 600 configurations. This bandpass equalizer has host programmable taps in DSP RAM. (V.23) 


CTS 


0:F:5 




Clear To Send. When set to a 1 , status bit CTS indicates to the DTE that the training sequence has 
been completed and any data present at TXD (serial mode) or in TBUFFER (parallel mode) will be 
transmitted (see TPDM). CTS response times from an RTS ON or OFF transition after the modem has 
completed a handshake are shown in Table 2. The CTS OFF-to-ON response time is programmable 
in DSP RAM. 


DATAO 


0:9:2 


1 


Data Chip 0. When control bit DATAO is a 0, the transmitter is prevented from entering and 
proceeding with the handshake (start-up) sequence and will ignore all V.24 interface signals. This bit 
should be set to a 1 by the host at a suitable time after completion of dialing or answering. 


DATA1 


1:9:2 


1 


Data Chip 1. When control bit DATA1 is a 0, the receiver is prevented from entering and proceeding 
with the handshake (start-up) sequence. If in originate mode, the answer tone detector is still active. 
Also, in V.32 the AC detector is active. This bit should be set to a 1 by the host at a suitable time after 
completion of dialing or answering. 

Recommended procedure for originating a call in V.32 using DATA1 : 

Reset DATA1 and DTR to a 

Establish a call 

Detect answer tone using ATV25 

After receiving answer tone for 1 second, set DtR to a 1 

When ATV25 equals AND ACDET equals 1 , set DATA1 to a 1 

The handshake will now proceed 


DATA2 


2:9:2 


1 


Data Chip 2. When control bit DATA2 is a 0, the ringing detector is enabled, and when a 1, the 
ringing detector is disabled. This bit should be set to a 1 after the modem goes off-hook, otherwise 
the Rl signal and Rl bit will give spurious outputs. 


DBAO 


0:1E:0 




Data Buffer Available Chip 0. When set to a 1 , status bit DBAO signifies that the transmitter has read 
register 0:0 (TBUFFER), or registers 0:1 (TSPY) and 0:0 (TSPX), and the host can write new data 
into register : 0, or registers : 1 and : 0. This condition can also cause IRQ to be asserted. The 
host writing to register : resets the DBAO and DBIAO bits to 0. (See DBIEO and DBIAO.) 


DBA1 


1:1E:0 




Data Buffer Available Chip 1 . When set to a 1 , status bit DBA1 signifies that the receiver wrote valid 
data into register 1 :0 (RBUFFER), or registers 1 : 1 (RSEQM) and 1 :0 (RSEQL). This condition can 
also cause IRQ to be asserted. The host reading register 1 :0 resets the DBA1 and DBIA1 bits to 0. 
(SeeDBIEIandDBIAI.) 


DBA2 


2:1E:0 




Data Buffer Available Chip 2. When set to a 1 , status bit DBA2 signifies that the receiver wrote valid 
data Into registers 2:1 (RSPY) and 2:0 (RSPX). This condition can also cause IRQ to be asserted. 
The host reading register 2:0 resets the DBA2 and DBIA2 bits to 0. (See DBIE2 and DBIA2.) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



DBIAO 
DBIA1 

0BIA2 

DBIEO 

DBIE1 

DBiE2 

DDIS 
DSR 

DTMF 



DTR 



EARCO 



Memory 
Location 



0:1E:6 
1:1E:6 

2:1E:6 

0:1E:2 

1:1E:2 

2:1E:2 

2:8:4 
0:F:4 

0:9:5 



0:9:0 



0:15:0 



Default 
Value 



Name/Description 



Data Buffer Interrupt Active Ciiip 0. When the transmitter data buffer interrupt is enabled (DBIEO is 
a 1) and register 0:0 is empty (DBAO is set to a 1), the transmitter asserts IRQ and sets status 
bit DBIAO to a 1 to indicate that DBAO going to a 1 caused the interrupt. The host writing to register 
0:0 resets the DBIAO bit to a and clears the interrupt request due to DBAO. (See DBIEO and DBAO.) 

Data Buffer Interrupt Active Chip 1. When the receiver chip 1 data buffer interrupt is enabled 

(DBIE1 is a 1) and register 1 : is written to by the DSP (DBA1 is set to a 1), the receiver asserts IRQ 
and sets DBIA1 to a 1 to indicate that DBA1 going to a 1 caused the interrupt. The host reading 
register 1 :0 resets the DBIA1 bit to a and clears the interrupt request due to DBA1 . (See DBA1 
andDBIEL) 

Data Buffer Interrupt Active Chip 2. When the receiver chip 2 data buffer interrupt is enabled 

(DBIE2 is a 1) and register 2 : is written to by the DSP (DBA2 is set to a 1), the receiver asserts IRQ 
and sets DBIA2 to a 1 to indicate that DBA2 going to a 1 caused the interrupt. The host reading 
register 2:0 resets the DBIA2 bit to a and clears the interrupt request due to DBA2. (See DBA2 
and DBIE2.) 

Data Buffer Interrupt Enable Chip 0. When control bit DBIEO is a 1 (interrupt enabled), the 
transmitter will assert IRQ and set the DBIAO bit to a 1 when DBAO is set to 1 by the DSP. When 
DBIEO is a (interrupt disabled), DBAO has no effect on IRQ or DBIAO. (See DBAO and DBIAO.) 

Data Buffer Interrupt Enable Chip 1. When control bit DBIE1 is a 1 (interrupt enabled), the receiver 

will assert IRQ and set the DBIA1 bit to a 1 when DBA1 i s se t to a 1 by the DSP. When 

DBIE1 is a (interrupt disabled), DBA1 has no effect on IRQ or DBIA1 . (See DBA1 and DBIA1 .) 

Data Buff er In terrupt Enable Chip 2. When control bit DBIE2 is a 1 (interrupt enabled), the receiver 
will assert IRQ and set the DBIA2 bit to a 1 when DBA2 is set to a 1 by the DSP. When DBIE2 is a 
(interrupt disabled), DBA2 has no effect on IRQ or DBIA2. (See DBA2 and DBIA2.) 

Descrambler Disable. When control bit DDIS is a 1 , the receiver's descrambler circuit is disabled; 
when a 0, the descrambler circuit is enabled. 

Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is in the data 
transfer state. When reset to a (OFF), DSR indicates that the DTE is to disregard all signals 
appearing on the interchange circuits— except Rl. DSR will switch to the OFF state when the modem 
is in a test mode, 

DTMF Select. When the modem is configured for dialing mode, the modem will dial using DTMF 
tones or pulses. When control bit DTMF is a 1 , the modem will dial using DTMF tones. When DTMF is 
a 0, the modem will dial using pulses. The DTMF bit can be changed during the dialing process to 
allow either tone or pulse dialing of consecutive digits. Dialing mode is selected by configuration code 81 
in the Transmitter Configuration Register (TCONF). When in dialing mode, the data placed in the 
Transmitter Data Register is treated as digits to be dialed. The number to be dialed must be 
represented by two hexadecimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the 
Transmitter Data Register). Also, see DBAO bit. 
Dialing timing and power levels are host programmable in DSP RAM (Table 11). 

Data Terminal Ready. In V.32, V.22 bis, V.22 and Bell 21 2A modes, setting control bit DTR to a 1 

initiates a handshake sequence, providing DATAO bit is a 1 . If in answer mode, the transmitter will 

immediately send answer tone. 

In V.21, V.23 and Bell 103 modes, control bit DTR must be a 1 for the modem to enter data state 

providing DATAO bit is a 1 . If in answer mode, the transmitter will immediately send answer tone. In 

these configurations, if controlled carrier is selected, then carrier is controlled by the RTS pin or bit 

(see Table 2). 

During the data mode, setting DTR to a will cause the transmitter to turn off. 

The DTR bit parallels the operation of the hardware DTR control input. These inputs are ORed by the 

modem. 

Extended Automatic Rate Change Chip 0. When control bits EARCO and EARC1 are 1 (and also 
ARCO and ARC1 are 1), then rate changes to the proprietary 12000 and 7200 TCM configurations are 
allowed during the V.32 handshake. The modem will condition itself to transmit data at the highest 
common rate negotiated during the V.32 handshake. These rates include the proprietary 12000 and 
7200 TCM configurations, if both calling and answering modems support these configurations. 

When EARCO and EARC1 are then rate changes are only allowed to standard CCITT V.32 
configurations. 



J 
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Table 8. R9696DP interface Memory Bit Definitions (Continued) 



■Mnemonic 



IMemory 
Location 



Default 
Value 



Name/Description 



EARC1 
ECFZ 



ECSQ 



1:15:1 
0:5:7 



0:5:6 



EQFZ 
EQRES 



2:4:3 
2:4:7 



EQT2 
EXOSO 

EX0S1 

FECSQ 



2:4:6 
0:6:6 

1:6:6 

0:5:5 



FED 


1:F:6 


GTE 


0:3:1 


GTS 


0:3:0 


HKABO 


0:0:0 



There are two methods for operating in the proprietary 12000 and 7200 TCIVI configurations. The first 
is to set bits ARCO, ARC1 , EARCO and EARC1 all to 0. TCONF and RCONF should then be set for 
the required configuration. The modem will then only be able to connect in the configuration selected. 
Both calling and answering modems have to be configured the same way for a successful connection. 
The second method is to set bits ARCO, ARC1 , EARCO and EARC1 ail to 1 . TCONF and RCONF 
should be set as desired, but in this case rate negotiation takes place during the V.32 handshake. Use 
of this method allows fall-back or fall-forward retrains in 2400 bps steps from 12000 bps to 4800 bp' . 
In order to accomplish rate changes to the proprietary configurations, the modem uses two bits in the V.32 
1 6 bit rate sequence that are undefined in CCITT Recommendation V.32. These are bits 89 and 81 0. (V.32) 

Extended Automatic Rate Change Chip 1 . See EARCO. (V.32) 

Echo Canceller Freeze. When control bit ECFZ is a 1 , the updating of the echo canceller taps is 
inhibited. (V.32) 

Echo Canceller Squelch. When control bit ECSQ is a 1 , the echo canceller output is forced to zero. (V.32) 
ECSQ, along with TXSQ, can be used to determine if the line has been dropped by the remote 
modem. Many times due to the dropping of the line by the remote modem, a line mismatch occurs at 
the near end modem's line interface. This causes a large increase in near end echo. Many errors 
should be seen at this time. If this is the case, squelching both the echo canceller and the transmitter 
should cause RLSD to go inactive. The host should first freeze the echo canceller (this is done in 
case the line is not dropped) by setting ECFZ to a 1 . Then set both ECSQ and TXSQ to a 1 . If RLSD 
drops, then the line was dropped by the remote modem and the near end modem should then be 
disconnected from the line by the host. If RLSD does not drop, then the host should reset ECFZ, 
ECSQ, and TXSQ to a and issue a retrain, if applicable. 

Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive equalizer taps is 
inhibited. (V.32, V.22 bis, V.22, Bell 21 2A) 

Equalizer Reset. When control bit EQRES is a 1 , the receiver resets all of the adaptive equalizer's 
taps to zero. When EQRES is a 0, the equalizer taps are updated normally by the receiver (chip 2). 
(V.32, V.22 bis, V.22, Bell 21 2A) 

Setting EQRES to a 1 effectively clam ps the receiver. EQRES along with RLSDE can be used to 
clamp the receiver off and turn off the RLSD pin. An equalizer reset is automatically done for a brief 
period of time at the beginning of the train-on-data state (TOD = 1). Therefore, the host does not have 
to manually set then clear this bit to reset the equalizer for line hits, etc., when TOD is active. 

Equalizer T/2 Spacing Select. When control bit EQT2 is a 1 , the receiver's adaptive equalizer is T/2 
fractionally spaced. When EQT2 is a 0, the equalizer is T spaced (T = 1 baud time). (V.32) 

Extended Overspeed Chip 0. When control bit EXOSO is a 1 , Extended Overspeed mode is selected 
in the transmitter async-to-sync converter. This bit must be configured appropriately before the 
ASYNO bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis, V.22, Bell 21 2A) 

Extended Overspeed Chip 1 . When control bit EX0S1 is a 1 , Extended Overspeed mode is selected 
in the receiver sync-to-async converter. This bit must be configured appropriately before the ASYN1 
bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis, V.22, Bell 21 2A) 

Far Echo Canceller Squelch. When control bit FECSQ is a 1 , the output of the far-end echo 
canceller is forced to zero; the near-end echo canceller continues to operate normally. (V.32) 
Squelching the far end echo canceller should only be done for testing purposes to manually 
characterize the far end echo. 

Fast Energy Detector. When status bit FED is a 1 , energy in the passband above the selected 
receiver threshold has been detected (see RTH). 

Guard Tone Enable. When set to a 1 , control bit GTE causes the specified guard tone to be 
transmitted (CCITT configurations only), according to the state of the GTS bit. Note: The guard tone 
will only be transmitted by the answering modem. (V.22 bis) 

Guard Tone Select. When set to a 1 , control bit GTS selects the 550 Hz tone; when reset to a 0, GTE 
selects the 1 800 Hz tone. The selected guard tone will be transmitted only when GTE is enabled. (V.22 bis) 

Handshake Abort Chip 0. When set to a 1 status bit HKABO indicates that the V.32 handshake has failed. 
The transmitter remains in an abort state for 1 second after which HKABO is reset to and the transmitter 
returns to idle mode. While in the abort state the transmitter output is silent. 

Normally this bit is set shortly after the HKAB1 bit with one exception. When the calling modem receives 
rate sequence R3 (refer to CCITT Recommendation V.32) and ARCO is set to a 1 , then if no common rates 
are found or R3 is calling for a GSTN cleardown then HKABO will be set before HKAB1. (V.32) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



HKAB1 

IFIX 

LLO 

LL1 
L2ACT 

L3ACT 



1:D:0 
2:4:2 
0:9:3 

1:9:3 
0:7:5 

0:7:3 



MHLD 
NCIAO 



NCIA1 



NCIEO 



NCIE1 



NEWCO 



NEWC1 



NEWSO 



NEWS1 



0:7:0 
0:1F:6 



1:1F:6 



0:1F:2 



1:1F:2 



0:1F:0 



1:1F:0 



0:1F:3 



1:1F:3 



Handshake Abort Chip 1 . When set to a 1 , status bit HKAB1 indicates that the V.32 handshake has failed. 
At the same time an abort code is written into ABCODE (see ABCODE). The receiver remains in an abort 
state for 0.5 second after which HKAB1 is reset to and the receiver returns to idle mode. (V.32) 

Eye Fix. When control bit IFIX is a 1 , the serial diagnostic data at the EYEX and EYEY pins reflects 

the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and EYEY is selected by the 

addresses in X RAM ADDRESS and Y RAM ADDRESS registers in chip 2, respectively. 

Leased Line Chip 0. When control bit LLO is a 1 , the transmitter is in leased line operation; when 0, 

the transmitter is in switched line operation. When LLO is set to a 1 and the CO bit is a 0, the modem 

immediately sends scrambled ones and goes into data mode. (V.22 bis, V.22) 

At 2400 bps it is recommended that a retrain be sent once in the data state to ensure that 

synchronization occurs. 

Leased Line Chip 1. When control bit LL1 is a 1, the receiver is in leased line operation; when 0, the 

receiver is in switched line operation. (V.22 bis, V.22) 

Loop 2 Activate. When control bit L2ACT is a 1 , the receiver's digital output is connected to the 

transmitter's digital input (locally activated remote digital loopback) in accordance with CCITT 

Recommendation V.54. 

Loop 3 Activate. When control bit L3ACT is a 1 , the transmitter's analog output is coupled to the 
receiver's analog input through an attenuator (local analog loopback) in accordance with CCITT 
Reco mmen dation V.54. The modem may only be placed into analog loopback mode when in idle 
mode (DTR signal is OFF and the DTR bit is 0). NEWCO and NEWC1 must be set after any change in 
the L3ACT bit. Set NEWCO to a 1 and wait until the modem resets it to a 0. Wait 2 ms. Set the 
NEWC1 bit to a 1 and wait for th e modem to reset it to a 0. The loopback is then completed 
(terminated) by setting the DTR signal ON (OFF) or the DTR bit to a 1 (0). 
The transmitter's compromise equalizer should be disabled, by setting CEQ to a 0, during local 
analog loopback. 

Mark Hold. When control bit MHLD is a 1 , the transmitter's digital input data is clamped to a mark. 
When MHLD is a 0, the transmitter's input is taken from TXD or TBUFFER (see TPDM). 
NEWCO Interrupt Active. When the new configuration chip interrupt is enabled (NCIEO is a 1) and 
a new transmitter configuration is implemented (NEWCO is reset to a 0), the DSP asserts IRQ and sets 
status bit NCIAO to a 1 to indicate that NEWCO going to a caused the interrupt. NCIAO and the interrupt 
request due to NEWCO are cleared by the host writing a into NCIEO. (See NEWCO and NCIEO.) 
NEWC1 Interrupt Active. When the new configuration chip 1 interrupt is enabled ( NCIE 1 is a 1) and a 
new receiver configuration is implemented (NEWC1 is reset to a 0), the DSP asserts IRQ and sets status 
bit NCIA1 to a 1 to indicate that NEWC1 going to a caused the interrupt. NCIA1 and the interrupt 
request due to NEWC1 are cleared by the host writing a into NCIE1. (See NEWC1 and NCIE1.) 
NEW CO Int errupt Enable. When control bit NCIEO is a 1 (interrupt enabled), the transmitter will 
assert IRQ and set NCIAO to a 1 when the NEWCO bit is reset to a by the DSP. When NCIEO is a 
(interrupt disabled), NEWCO has no effect on IRQ or NCIAO. (See NEWCO and NCIAO.) 
NEWC1 Interrupt Enable. When control bit NCIE1 is a 1 (interrupt enabled), the receiver will 
assert IRQ and set NSIA1 to a 1 when the NEWC1 bit is reset to a by the DSP. When NCIE1 is a 
(interrupt disabled), NEWC1 has no effect on IRQ or NCIA1. (See NEWC1 and NCIA1.) 

New Configuration Chip 0. Control bit NEWCO must be set to a 1 by the host after the host changes 
the configuration code in TCONF (0 : 12), the L3ACT bit (0:7: 3), the ORG bit (0 : 9 : 4) or the V21S0 bit 
(0:8: 5). This informs the transmitter to implement the new transmitter configuration. The DSP resets 
the NEWCO bit to a when the configuration change is implemented. A configuration change can 
also cause IRQ to be asserted. (See NCIEO and NClAo.) 

New Configuration Chip 1 . Control bit NEWC1 must be set to a 1 by the host after the host changes 
the configuration code in RCONF (1 : 12), the L3ACT bit (0:7:3), RTH (1 : 13:2-3), the ORG bit (0:9:4) 
or the V21S1 bit (1 :8:5). This informs the receiver to implement the new receiver configuration and/or 
the new receiver threshold. The DSP resets the NEWC1 bit t o a when the change is implemented. A 
configuration/receiver threshold change can also cause IRQ to be asserted. (See NCIE1 and NCIA1 .) 
New Status Chip 0. When set to a 1 , status bit NEWSO indicates that one or more status bits located 
in registers OE or OF have changed state, or a DSP RAM read or write has been completed, in the 
transmitter. This bit can be reset to a only by the host. The host may mask the effect of individual 
status bits upon NEWSO by writing a mask value to DSP RAM. When set to a 1 , this bit can cause 
IRQ to be asserted. (See NSIEO and NSIAO.) 

New Status Chip 1 . When set to a 1 , status bit NEWS1 indicates that one or more status bits located 
in registers OA to OF have changed state, or a DSP RAM read or write has been completed, in 
receiver DSP chip 1 . This bit can be reset to a only by the host. The host may mask the effect of 
individ ual s tatus bits upon NEWS1 by writing a mask value to DSP RAM. When set to a 1 , this bit can 
cause IRQ to be asserted. (See NSIE1 and NSIA1.) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



NEWS2 

NSIAO 

NSiA1 

NSiA2 

NSIEO 
NSIE1 
NSiE2 
NV25 
ORG 

PENO 

PEN1 

RA 
RBUFFER 

RCONF 



2:1F:3 

0:1F:7 

1:1F:7 

2:1F:7 

0:1F:4 

1:1F:4 

2:1F:4 

0:9:7 

0:9:4 

0:6:3 

1:6:3 

0:7:1 
1:0:0-7 

1:12:0-7 



74 



New Status Chip 2. When set to a 1 , status bit NEWS2 indicates that the Rl status bit in register OF has 
changed state, or a DSP RAM read or write has been completed, in receiver DSP chip 2 This bit can be 
reset to a only by the host. The host may mask the effect of the Rl status bit upon NEWS2 by writing a 
mask value to DSP RAM. When set to a 1 , this bit can cause IRQ to be asserted. (See NSIE2 and NSIA2.) 

NEWSO Interrupt Active Chip 0. When the new status interrupt chip is enabled (NSIEO is a 1) and a 
change of status occurs (NEWSO is set to a 1), the transmitter asserts IRQ and sets status bit NSIAO 
to a 1 to indicate that NEWSO going to a 1 caused the interrupt. NSIAO and the interrupt request due to 
NEWSO are cleared when the host writes a to NEWSO. (See NEWSO and NSIEO.) 

NEWS1 Interrupt Active Chip 1. When the new status interrupt chip 1 is enabled (NSIE1 is a 1) and a 
change a status occurs (NEWS1 is set to a 1), the receiver asserts IRQ and sets status bit NSIA1 to 
a 1 to indicate that NEWS1 going to a 1 caused the interrupt. NSIA1 and the interrupt request due to NEWS1 
are cleared when the host writes a to NEWS1 . (See NEWS1 and NSIE1 .) 

NEWS2 Interrupt Active Chip 2. When the new status interrupt chip 2 is enabled (NSIE2 is a 1) and a 
change of status occurs (NEWS2 is set to a 1), the receiver asserts IRQ and sets status bit 
NSIA2 to a 1 to indicate that NEWS2 going to a 1 caused the interrupt. NSIA2 and the interrupt request 
due to NEWS2 are cleared when the host writes a to NEWS2. (See NEWS2 and NSIE2.) 

NEWSO Interrupt Enable Chip 0. When control bit NSIEO is a 1 (interrupt enabled), the transmitter will 
assert IRQ and set NSIAO to a 1 when NEWSO is set to a 1 by the DSP. When NSIEO is a 
(interrupt disabled), NEWSO has no effect on IRQ or NSIAO. (See NEWSO and NSIAO.) 

NEW S1 Interrupt Enable Chip 1 . When control bit NSIE1 is a 1 (interrupt enabled), the receiver will assert 
IRQ and set NSIA1 to a 1 when NEWS1 is set to a 1 by the DSP. When NSIE1 is a (interrupt 
disabled), NEWS1 has no effect on IRQ or NSIA1 . (See NEWS1 and NSIA1 .) 

NEW S2 Interrupt Enable Chip 2. When control bit NSIE2 is a 1 (interrupt enabled), the receiver will assert 
IRQ and set NSIA2 to a 1 when NEWS2 is set to a 1 by the DSP. When NSIE2 
is a (interrupt disabled), NEWS2 has no effect on IRQ or NSIA2. (See NEWS2 and NSIA2.) 

No V.25 Answer Tone. When control bit NV25 is a 1 , the modem will not transmit the 21 00 Hz CCITT answer 
tone when a handshake sequence is initiated and the modem Is in answer mode. (V.32, V.22 bis, V.22, 
V.21,V.23) 

Originate. When configuration bit ORG is a 1 , the modem is in originate mode; when a 0, the modem is 
in answer mode. Since this is a configuration bit, the NEWCO and NEWC1 bits must be set after any change 
in the ORG bit. Set NEWCO to a 1 and wait until the modem resets it to a 0. Wait 2 ms. Set the NEWC1 
bit to a 1 and wait for the modem to reset it to a 0. 

Parity Enable Chip 0. When control bit PENO is a 1 , parity is enabled in asynchronous mode in the 
transmitter. This bit must be configured appropriately before the ASYNO bit changes from a to a 1 for 
asynchronous mode. (V.32, V.22 bis, V.22, Bell 21 2A) 

Parity Enable Chip 1 . When control bit PEN1 is a 1 , parity is enabled in asynchronous mode in the receiver. 
This bit must be configured appropriately before the ASYN1 bit changes from a to a 1 for asynchronous 
mode. (V.32, V.22 bis, V.22, Bell 21 2A) 



Relay Activate. When control bit RA is a 1 , the output OHRC is activated (low); when a 0, the OHRC 
output is off (high). 

Receive Buffer. The host obtains channel data from the modem receiver in the parallel data mode by reading 
a data byte from the RBUFFER. The data is divided on the baud boundaries shown under TBUFFER. The 
RBUFFER reflects the received data when the RSEQ bit is a 0. 

Receiver Configuration. The RCONF control bits select one of the following receiver configurations: 



Mode 


Data Rate 


RCONF (Hex) 


V.32 TCM 


12000 


72 


V.32 TOM 


9600 


74 


V.32 


9600 


75 


V.32 


4800 


71 


V.32 TCM 


7200 


78 


V.22 bis 


2400 


84 


V.22 


1200 


52 


V.22 


600 


51 


V.21 


0-300 


AO 


Bell 21 2A 


1200 


62 


Bell 103 


0-300 


60 


V.23 


1200 


A4 


V.23 


600 


A2 


V.23 


75 


A1 



1-230 



R9696DP 



V.32 9600 bps Full-Duplex Modem 



Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 




RDL 


0:7:6 





Remote Digital Loopback. When set to a 1 , control bit RDL causes the modem to initiate a request 
for the modem to go into digital loopback; RXD is clamped to a mark and the CIS bit and CTS signal 
will be reset until the loop is established. The TM bit is not set In this case, since the local modem 
initiated the request. (V.22 bis) 


RDLE 


1:7:7 


1 


Remote Digital Loopback Response Enable. When set to a 1 , control bit RDLE enables the modem 
to respond to another modem's remote digital loopback request, thus going into loopback. When this 
occurs, the modem clamps RXD to a mark; resets the CTS, DSR and RLSD bits to a 0, and turns the 
CTS, DSR and RLSD signals to a logic 1 . The TM bit is set to a 1 , to inform the host of the test status. 
When the RDLE bit is a 0, no response will be generated. (V.22 bis) 


Rl 


2:F:3 




Ring Indicator. When set to a 1, status bit Rl indicates that a ringing signal is being detected. 
Ringing is detected if pulses are present on the RD input in the 15 Hz - 68 Hz frequency range. The 
Rl biUollows the ringing signal with a 1 during the ON time and a during the OFF time coincident 
with Rl output signal. The decision bounds are host programmable in DSP RAM. 

The bit is valid only when the receiver DATA2 bit (2:9:2) is a 0. 


RLSD 


1:F:7 


— 


Received Line Signal Detector. When status bit RLSD is a 1 , the receiver has finished receiving the 
training sequence or has turned on due to detected energy above threshold, and is receiving data. 
RLSD is a when the receiver is in the idle state and during the reception of a training sequence. 


RLSDE 


1:3:4 


1 


RLSD Enable. When control bit RLSDE is a 1, the RLSD pin reflects the RLSD bit. When RLSDE is 
a 0, the RLSD pin is clamped to a 1 (OFF condition) regardless of the state of the RLSD bit. (V.22 bis) 


RSEQ 


1:C:0 





Rate Sequence Received. When status bit RSEQ is a 1 , the 16-bit rate sequence included in the 
CCITT V.32 start-up procedure has been received and the 16-bit rate sequence word is available in 
RSEQM (1:1) and RSEQL (1 : 0). (V.32) 


RSEQL 


1:0:0-7 


— 


Rate Sequence LSB. When the RSEQ bit is a 1 , register 1 :0 holds the least significant byte of the 
16-bit V.32 rate sequence word (RSEQL) received by the modem. When the RSEQ bit is a 0, register 
1 :0 holds the received data (see RBUFFER). (V.32) 


RSEQM 


1:1:0-7 


— 


Rate Sequence MSB. When the RSEQ bit is a 1 , register 1 : 1 holds the most significant byte of the 
16-bit V.32 rate sequence word (RSEQM) received by the modem. When the RSEQ bit is a 0, register 
1:1 is not used. (V.32) 


RSPA 


2:4:4 


1 


Receiver Signal Point Activate. When control bit RSPA is a 1 , the receiver writes the received 
signal point coordinates, after the decision processing, into registers RSPY (2:1) and RSPX (2:0). 
When RSPA is a 0, RSPY and RSPX do not contain the signal point coordinates. (V.32, V.22 bis, 
V.22, Bell 21 2A) 


RSPX 


2:0:0-7 


- 


Receiver Signal Point X. RSPX holds the X (in-phase) coordinate of the received signal point. RSPX 
is valid only when RSPA is a 1 . (See RSPA.) (V.32, V.22 bis, V.22, Bell 21 2A) 


RSPY 


2:1:0-7 


- 


Receiver Signal Point Y. RSPY holds the Y (quadrature) coordinate of the received signal point. 
RSPY is valid only when RSPA is a 1. (See RSPA.) (V.32, V.22 bis, V.22, Bell 21 2A) 


RTDET 


1:E:7 




Retrain Detector. When set to a 1 , status bit RTDET indicates that a training sequence has been 
detected. (V.32 and V.22 bis) This bit parallels the operation of the following: 

Mode Detector Bit 

V.32 Originate ACDET 
V.32 Answer AADET 
V.22 bis S1DET 


RTH 


1:13:2,3 





Receiver Threshold. The RTH control bits select the receiver energy detector threshold according to 
the following codes: 

RTH RLSD ON RLSD OFF 

-43dBm -48dBm 

1 -33dBm -38dBm 

2 -26dBm -31 dBm 

3 -16 dBm -21 dBm 
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Table 8. I)9696DP Interface Memory Bit Definitions (Continued) 



R/lnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



RTRN 



0:8:1 



RTS 



0:8:0 



SADET 

SCR1 

SDET 

SDIS 

SNDET 

SPEED 



1:D:2 

1:D:4 
1:C:3 
0:3:2 
1:C:2 
1:E:0-2 



SQDIS 
STBO 

STB1 



1:2:6 



0:6:2 



Retrain. When the modem is in V.32 or V.22 bis data mode, and control bit RTRN is set to a 1, a 
retrain sequence is initiated. RTRN resets to a as soon as the initiation is acknowledged. 

Fall-back or fall-forward retrains may be accomplished as follows: 

Change the Transmitter Configuration Register (TCONF) to the required configuration code. Note that 
the mode cannot be changed, only the data rate within a given mode. (In other words, it is not possible 
to fall-bapk from V.32 to V.22 bis.) Do not set the NEWC bits in either the transmitter (NEWCO) or 
receiver chip 1 (NEWC1) and do not change the receiver configuration register (RCONF) code. 
Ensure that ARCO and ARC1 bits are set to a 1 . If it is desired to fall-back or fall-forward to one of the 
proprietary V.32 configurations, then also ensure that EARCO and EARC1 are set to a 1 . Finally, set 
the RTRN bit to a 1. if the remote modem can operate at the requested rate, the receiver configuration 
will be changed by the modem to reflect the new rate after tiie retrain is completed. If the remote 
modem cannot operate at the new rate, then no rate change will take place during the retrain and the 
transmitter configuration register will automatically revert back to its original configuration. 

If the modem reconfigures from V.22 bis 2400 bps to V.22 1200 bps during a handshake or as a result 
of a retrain, the TCONF and RCONF registers will contain the hex number 82. 

When control bit RTS is a 1 , the modem transmits any data on TXD when CTS becomes active. 

In V.22 bis, V.22, V.23, V.21 , and Bell 103 constant carrier and V.32 modes, RTS controls data 
transmission and DTR controls the carrier. For ease of use, RTS can be turned ON at the same time 
as DTR. 

In V.22 bis controlled carrier mode, RTS independently controls the carrier when DTR is ON. When 
RTS is turned ON, the modem then transmits 270 ms of scrambled 1s before turning CTS ON. 

In V.21, V,23 and Bell 103 controlled carrier modes, RTS independently controls the carrier when 
DTR is ON. When RTS is turned ON, CTS is turned ON per Table 2. 

The RTS bit parallels the operation of the RTS hardware control input. These inputs are ORed by the 
modem. (See descriptions of CTS and DTR bits) 

Scrambled Alternating Sequence Detector. When set to a 1 , status bit SADET indicates that 
scrambled alternating data is being received. This bit is intended to be used for the automatic rate 
change sequence. (See ARCO and ARC1 .) This bit Is reset to at the end of the alternating 
sequence. (V.22 bis) 

Scrambled Ones Detector. When set to a 1, status bit SCR1 indicates that V.22 bis scrambled 1s have been 
detected during handshake. This bit is reset to at the end of the scrambled Is sequence. (V.22 bis) 

S Detector. When set to a 1 , status bit SDET indicates that a V.32 S sequence has been detected. This 
bit is reset to a by the modem at the end of the S sequence. (V.32) 

Scrambler Disable. When control bit SDIS is a 1 , the transmitter scrambler circuit is disabled; when a 
0, the scrambler circuit is enabled. (V.32,V.22 bis.) 

S Negative Detector. When set to a 1 , status bit SjslDET indicates that a V.32 S sequence has 
been detected. This bit is reset to a at the end of the S sequence. (V.32) 

Speed Indication. The SPEED status bits indicate the receiver's data rate at the completion of a handshake. 



Data Rate 


SPEED (Hex) 


Data Rate 


SPEED (Hex) 


0-300 





4800 


4 


600 


1 


9600 


6 


1200 


2 


12000 


6 


2400 


3 







Squarer Disable (Tone Detector 0). When control bit SQDIS is a 1 , the squarer in front of tone 
dectector C is disabled; when a 0, the squarer is enabled. 

Stop Bit Number Chip 0. When control bit STBO is a 0, one stop bit is selected in asynchronous mode in 
the transmitter; when a 1, two stop bits are selected. This bit must be configured appropriately before the 
ASYNO bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis, V.22, Bell 212A) 

Stop Bit Number Chip 1. When control bit STB1 is a 1 , one stop bit is selected in asynchronous mode 
in the receiver; when a 1 , two stop bits are selected. This bit must be configured appropriately before the 
ASYN1 bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis, V.22, Bell 21 2A) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



STOFF 



Soft Turn Off. When control bit STOFF is a 1 , the transmitter sends a tone at the end of a transmission 
in V.23, V.21 and Bell 103 configurations. This tone Is detected as a mark frequency at the receiver. 
The soft turn off tone frequencies and durations are as follows: 





Frequency 


Duration 


Configuration 


(Hz) 


(mS) 


V.23/1200 


900 


7 


V21 Orig. 


880 


30 


V21 Ans. 


1550 


30 


Bell 103 Orig. 


1370 


30 


Bell 103 Ans. 


2325 


30 



S1DET 
TBUFFER 



1:0:5 



0:0:0-7 



00 



SI Detector. When set to a 1 , status bit 81 DET indicates that a V.22 bis 81 sequence has been 
detected. This bit is reset to a by the modem at the end of the 81 sequence. (V.22 bis) 

Transmitter Buffer/Transmitter Signal Point X. The host conveys output data to the transmitter in 
the parallel mode by writing a data byte to the TBUFFER. Parallel data mode is available only In 
synchronous mode. The data is transmitted bit first and is divided on the following baud boundaries: 



Configuration 


Bits 


7 


6 


5 


4 1 3 1 2 1 1 1 


V.32 TOM 12000 


— 


— 


— 


BaudO 


V.32 TOM 9600 


Baudi 


BaudO 


V.32 9600 


Baudi 


BaudO 


V.32 4800 


Baud 3 


Baud 2 


Baud 1 1 Baud 


V.32 TOM 7200 


— 1 — 


Baud 1 1 Baud 


V.22 bis 2400 


Baudi 


BaudO 


V.22 1200 


Baud 3 1 Baud 2 


Baud 1 1 Baud 


V.22 600 


8 bit data 


Bell 21 2A 1200 


Baud 3 1 Baud 2 | Baudi | Baud 


V.21 


8 bit data 



TCONF 



Transmitter Configuration. The TCONF control bits select one of the following transmitter configurations: 



Mode 


Data Rate 


TCONF (Hex) 


V.32 TOM 


12000 


72 


V.32 


9600 


74 


V.32 


9600 


75 


V.32 


4800 


71 


V.32 TCM 


7200 


78 


V.22 bis 


2400 


84 


V.22 


1200 


52 


V.22 


600 


51 


V.21 


0-300 


AO 


Bell 21 2A 


1200 


62 


Bell 103 


0-300 


60 


V.23 


1200 


A4 


V.23 


600 


A2 


V.23 


75 


A1 


Single Tone 


— 


80 


Dual Tone 


— 


83 


Dialing 


— 


81 


When single tone or dual tone mode is selected the modem 


transmits one or two tones respectively. The tone frequencies are 


host programmable in DSP RAM. Single tone transmit uses the Dual 


Tone 1 frequency and level. 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



TDAE 



TLVL 



1:2:7 



0:13:4-7 



TM 
TOD 

TONEA 

TONEB 

TONEC 

TPDM 
TSPA 

TSPX 
TSPY 
TXCLK 



0:F:2 
2:4:1 

1:B:7 

1:8:6 

1:8:5 

0:8:6 
0:5:0 

0:0:0-7 
0:1:0-7 
0:13:0,1 






00 
00 




Tone Detector A Enable. When control bit TDAE is a 1 , tone detector A is enabled; when a 0, tone 
detector A is disabled. This bit only has an effect when DATA1 bit is a 1 and the receiver is in 
asynchronous mode or V.32 12000 bps. 

Transmit Level. The TLVL code selects the transmitter analog output level at the TXA pin as follows: 

TLVL Code TX Output Level 

(Hex) (dSmlO.SdB) 

-0.5 

1 -1.5 

2 -2.5 

3 -3.5 

4 -4.5 

5 -5.5 

6 -6.5 

7 -7.5 

8 -8.5 

9 -9.5 
A -10.6 
B -11.5 
-12.5 
D -13.5 
E -14.5 
F -15.5 

The host can fine tune the transmit level to a value lying within a 1 dB step by changing a value In 
DSP RAM. 

Test Mode. When set to a 1 , status bit TM indicates that the modem has completed the handshake 
and is in the Loop 3 or RDL test mode. (V.22 bis) 

Train On Data. When set to a 1 , control bit TOD enables the train-on-data algorithm to converge the 
equalizer If the signal quality degrades. A BER of 10-3 for 0.5 seconds initiates the traln-on-data. 
When TOD is a 1 , the modem is still able to recognize an incoming training sequence. (V.32.) 

Tone A Detected. When set to a 1 , status bit TONEA indicates that energy is present on the line 
within the tone detector A passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 

Tone B Detected. When set to a 1 , status bit TONEB indicates that energy is present on the line 
within the tone detector B passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 

Tone C Detected. When set to a 1 , status bit TONEC indicates that energy is present on the line 
within the tone detector C passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. The TONEC filter is preceded by a squarer in order to facilitate detection 
of difference tones. This squarer may be disabled with the SODIS bit (see SQDIS bit). 

Transmitter Parallel Data Mode. When control bit TPDM is a 1 , the transmitter accepts data for 
transmission from the TBUFFER (0:0) rather than the TXD input. 

Transmitter Signal Point Activate. When control bit TSPA is a 1 , the transmitter uses the signal 
points X and Y directly from registers TSPX (0:0) and TSPY (0:1). The transmitter data input, 
TBUFFER and TXD, are ignored. When TSPA is a 0, the transmitter accepts data for transmission 
from the TBUFFER or the TXD input. 

Transmitter Signal Point X. When TSPA is a 1 , register 0:0 is used to transmit the in-phase (X) 
coordinate of the transmitted signal point (TSPX). (V.32, V.22 bis, V.22, Bell 21 2A.) 

Transmitter Signal Point Y. When TSPA is a 1 , register : 1 is used to transmit the quadrature 
(Y) coordinate of the transmitted signal point (TSPY). (V.32, V.22 bis. V.22, Bell 21 2A.) 

Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data clock. 



TXCLK 


2 
3 



Transmit Clock 

Internal 

Extern al (XTCL K) 
Slave (RDCLK) 



When the external clock is chosen, the host supplied clock must be connected to the XTCLK input 
pin. The external clock will then be reflected at the TDCLK output pin. 



When the slave clock is chosen , the transmitter clock (TDCLK) is phase locked to the receiver clock (RDCLK). 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



TXSQ 

U1DET 

V21 
V21S1 

V21S0 

WDSZO 



0:5:4 

1:0:3 

1:B:2 
1:8:5 

0:8:5 

0:6:0,1 



WDSZ1 



1:6:0,1 



XACCO 



XACC1 



XACC2 



XADDO 



XADD1 



XADD2 



0:10:7 



1:10:7 



2:10:7 



0:1C:0-7 



1:1C:0-7 



2:1C:0-7 



00 



00 



00 



Transmitter Squelch. When control bit TXSQ is a 1 , the transmitter analog output is squelched. All other 
transmitter functions continue as normal. When TXSQ is a 0, the transmitter output functions normally. 
This bit is useful in 2-wire configurations where it is necessary to measure the spectrum and transmit 
level of a transmitter. Setting the TXSQ bit to a 1 turns off the transmitter so that only one of the two 
carriers is present. After TXSQ is set to a 0, a retrain should be sent to reestablish the data transfer. 
Unscrambled 1s Detector. When set to a 1, status bit U1DET indicates that V.22 bis unscrambled Is 
sequence has been detected. This bit is reset to a by the modem at the end of the unscrambled 1 s 
sequence. U10ET is not active when 0ATA1 is a 0. (V.22 bis) 

V.21 Mark Detector. When set to a 1 , status bit V21 indicates that a V.21 mark frequency was 
detected during a handshake. (V.21) 

V21 Synchronous Chip 0. When configuration bit V21S1 Is a 1 and the Receiver Configuration 
(RCONF) has been set for V.21 , then V21 Synchronous mode Is selected in the receiver. 
Synchronous data is output in both serial and parallel form. A synchronous clock is provided on the 
ROCLK pin. When V21S1 is a and the Receiver Configuration (RCONF) has been set for V.21 , then 
V.21 Asynchronous mode is selected in the receiver. Since V21S1 is a configuration bit, then NEWC1 
must be set for any changes in this bit to take effect. 

V21 Synchronous Chip 1. When configuration bit V21S0 is a 1 and the Transmitter Configuration 
(TCONF) has been set for V.21 , then V21 Synchronous mode is selected in the transmitter. 
Synchronous data may be applied in either serial or parallel form. A synchronous clock is provided on 
the TOCLK pin. When V21S0 is a and the Transmitter Configuration (TCONF) has been set for V.21 , 
then V.21 Asynchronous mode is selected in the transmitter. Since V21S0 is a configuration bit, then 
NEWCO must be set for any changes in this bit to take effect. 

Data Word Size Chip 0. The WOSZO field sets the number of data bits per character in asynchronous 
mode in the transmitter as follows (V.32, V.22 bis, V.22, Bell 21 2A): 

Data Bits/Character WDSZO (Hex) 

5 

6 1 

7 2 

8 3 

This bit must be configured appropriately before the ASYNO bit changes from a to a 1 for 
asynchronous mode. 

Data Word Size Chip 1 . The W0SZ1 field sets the number of data bits per character in asynchronous 
mode in the receiver as follows (V.32, V.22 bis, V.22, Bell 21 2A): 

Data Bits/Character WDSZ1 (Hex) 

5 

6 1 

7 2 

8 3 

This bit must be configured appropriately bvefore the ASYN1 bit changes from a to a 1 for 
asynchronous mode. 

X RAM Access Enable Chip 0. When control bit XACCO is a 1 , OSP chip accesses the X RAM 
associated with the address in XAOOO and the XCRO bit. XWTO determines if a read or write is 
performed. The OSP resets XACCO to a upon RAM access completion. 

X RAM Access Enable Chip 1 . When control bit XACC1 is a 1 , OSP chip 1 accesses the X RAM 
associated with the address in XA001 and the XCR1 bit. XWTI determines if a read or write is 
performed. The OSP resets XACC1 to a upon RAM access completion. 
X RAM Access Enable Chip 2. When control bit XACC2 is a 1 , OSP Chip 2 accesses the X RAM 
associated with the address in XA002 and the XCR2 bit. XWT2 determines if a read or write is 
performed. The OSP resets XACC2 to a upon RAM access completion. 

X RAM Address Chip 0. XAOOO contains the X RAM address used to access OSP chip O's X Oata 

RAM (XCRO »= 0) or X Coefficient RAM (XCRO = 1) via the X RAM Oata LSB and MSB registers 

(0: 18 and 0: 19, respectively) (See Table 9.) 

X RAM Address Chip 1. XA001 contains the X RAM address used to access OSP chip 1 's X Oata 

RAM (XCR1 = 0) or X Coefficient RAM (XCR1 = 1) via the X RAM Oata LSB and MSB registers 

(1:18 and 1:19, respectively) (See Table 9.). 

X RAM Address Chip 2. XA002 contains the X RAM address used to access OSP chip 2's X Oata 

RAM (XCR2 = 0) or X Coefficient RAM (XCR2 = 1) via the X RAM Oata LSB and MSB registers 

(2:18 and 2:19, respectively). (See Table 9.) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


XCRDO 


0:1D:2 





X RAM Continuous Read Chip 0. When control bit XCRDO Is a 1 . bits XACCO and XWTO are 
overridden and an X RAM read from chip is performed every sample from the location addressed by 
XAOOO (see OSP RAM Access). 


XCRD1 


1:1D:2 





X RAM Continuous Read Cliip 1. When control bit XCRD1 is a 1, bits XACC1 and XWT1 are 
overridden and an X RAM read from chip 1 is performed every sample from the location addressed by 
XA0D1 (see OSP RAM Access). 


XCRD2 


2:1D:2 





X RAM Continuous Read Cliip 2. When control bit XCR02 is a 1, bits XACC2 and XWT2 are 
overridden and an X RAM read from chip 2 is performed every baud from the location addressed by 
XA0D2 (see OSP RAM Access). 


XCRO 


0:1D:0 





X Coefficient RAM Select Chip 0. When control bit XCRO is a 1 . XAOOO applies to OSP chip O's 
X Coefficient RAM. When XCRO Is a 0. XAOOO applies to the X Oata RAM. This bit must be set 
according to the desired RAM address (Table 9). 


XCR1 


1:10:0 





X Coefficient RAM Select Chip 1 . When control bit XCR1 is a 1 , XA001 applies to OSP chip 1 's 
X Coefficient RAM. When XCR1 is a 0, XA001 applies to the X Oata RAM. This bit must be set 
according to the desired RAM address (Table 9). 


XCR2 


2:10:0 





X Coefficient RAM Select Chip 2. When control bit XCR2 is a 1, XA002 applies to OSP chip 2's 
X Coefficient RAM. When XCR2 is a 0, XA0D2 applies to the X Oata RAM. This bit must be set 
according to the desired RAM address (Table 10). 


XDALO 


0:18:0-7 


00 


X RAM Data LSB Chip 0. XOALO is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in OSP chip 0. 


XDAL1 


1:18:0-7 


00 


X RAM Data LSB Chip 1 . X0AL1 is the least significant byte of the 16-bit X RAM data word used In 
reading or writing X RAM locations In OSP chip 1. 


XDAL2 


2:18:0-7 


00 


X RAM Data LSB Chip 2. X0AL2 is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in OSP chip 2. 


XDAMO 


0:19:0-7 


00 


X RAM Data MSB Chip 0. XDAMO is the most significant byte of the 16-blt X RAM data word used in 
reading or writing X RAM locations in OSP chip 0. 


XDAM1 


1:19:0-7 


00 


X RAM Data MSB Chip 1. XDAM1 is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in OSP chip 1 . 


XDAM2 


2:19:0-7 


00 


X RAM Data MSB Chip 2. X0AM2 is the most significant byte of the 16-blt X RAM data word used in 
reading or writing X RAM locations in DSP chip 2. 


XWTO 


0:1D:1 





X RAM Write Chip 0. When XWTO Is a 1 and XACCO is set to a 1 . OSP chip copies data from the X RAM 
Data registers (0 : 1 8 and : 1 9) into the X RAM location addressed by XAOOO and XCRO. When control 
bit XWTO is a and XACCO is set to a 1 , OSP chip reads X RAM at the location addressed by 
XAOOO and XCRO. The read data is stored into the X RAM Oata registers (0: 18 and 0:19). 


XWT1 


1:10:1 





X RAM Write Chip 1 . When XWT1 Is a 1 and XACC1 Is set to a 1 , OSP chip 1 copies data from the 
X RAM Data registers (1 : 18 and 1:19) into the X RAM location addressed by XA001 and XCR1 . 
When control bit XWT1 is a and XACC1 is set to a 1 , OSP chip 1 reads X RAM at the location 
addressed by XA0D1 and XCR1 . The read data is stored into the X RAM Data registers (1:18 
and 1:19). 


XWT2 


2:10:1 





X RAM Write Chip 2.When XWT2 is a 1 and XACC2 is set to a 1 , OSP chip 2 copies data from the 
X RAM Data registers (2: 18 and 2: 19) into the X RAM location addressed by XAD02 and XCR2. 
When control bit XWT2 is a and XACC2 is set to a 1 , the OSP chip 2 reads X RAM at the location addressed 
by XA0D2 and XCR2. The read data is stored in the X RAM Data registers (2:18 and 2:19). 


YACCO 


0:1B:7 





Y RAM Access Enable Chip 0. When control bit YACCO is a 1 , OSP chip accesses the Y RAM 
associated with the address In YADDO and the YCRO bit. YWTO determines if a read or write Is 
performed. The OSP resets YACCO to a upon RAM access completion. 


YACC1 


1:1B:7 





Y RAM Access Enable Chip 1 . When control bit YACC1 is a 1 , OSP chip 1 accesses the Y RAM 
associated with the address in YADD1 and the YCR1 bit. YWT1 determines if a read or write is 
performed. The DSP resets YACC1 to a upon RAM access completion. 


YACC2 


2:1B:7 





Y RAM Access Enable Chip 2. When control bit YACC2 is a 1 , DSP chip 2 accesses the Y RAM 
associated with the address in YA002 and the YCR2 bit. YWT2 determines if a read or write Is 
performed. The OSP sets YACC2 to a upon RAM access completion. 


YADDO 


0:1A:0-7 


00 


Y RAM Address Chip 0. YADDO contains the Y RAM address used to access DSP chip O's Y Oata 
RAM (YCRO » 0) or Y Coefficient RAM (YCRO = 1) via the Y RAM Data LSB and MSB registers 
(0:16 and 0:17, respectively). (See Table 9.) 
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Table 8. R9696DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


YADD1 


1:1A:0-7 


00 


Y RAM Address Chip 1 . YADD1 contains the Y RAM address used to access DSP chip 1 's Y Data 
RAM (YCR1 = 0) or Y Coefficient RAM (YCR1 = 1) via the Y RAM Data LSB and MSB registers 
(1 : 16 and 1 : 17, respectively). (See Table 9.) 


YADD2 


2:1A:0-7 


00 


Y RAM Address Chip 2. YADD2 contains the Y RAM address used to access DSP chip 2's Y Data 
RAM (YCR2 = 0) or Y Coefficient RAM (YCR2 = 1) via the Y RAM Data LSB and MSB registers 
(2: 16 and 2: 17, respectively). (See Table 9.) 


YCRDO 


0:1B:2 





Y RAM Continuous Read Chip 0. When control bit YCRDO is a 1 , bits YACCO and YWTO are 
overridden and a Y RAM read from chip is performed every sample from the location addressed by 
YADDO (see DSP RAM Access). 


YCRD1 


1:1B:2 





Y RAM Continuous Read Chip 1. When control bit YCRD1 is a 1, bits YACC1 and YWT1 are 
overridden and a Y RAM read from chip 1 is performed every sample from the location addressed by 
YADD1 (see DSP RAM Access). 


YCRD2 


2:1B:2 





Y RAM Continuous Read Chip 2. When control bit YCRD2 is a 1 , bits YACC2 and YWT2 are 
overridden and a Y RAM read from chip 2 is performed every baud from the location addressed by 
YADD2 (see DSP RAM Access). 


YCRO 


0:18:0 





Y Coefficient RAM Select Chip 0. When control bit YCRO is a 1 , YADDO applies to DSP chip O's 

Y Coefficient RAM. When YCRO is a 0, YADDO applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YCR1 


1:18:0 





Y Coefficient RAM Select Chip 1. When control bit YCR1 is a 1, YADD1 applies to DSP chip 1's 

Y Coefficient RAM. When YCR1 is a 0, YADD1 applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YCR2 


2:18:0 





Y Coefficient RAM Select Chip 2. When control bit YCR2 is a 1 , YADD2 applies to the DSP chip 2's 

Y Coefficient RAM. When YCR2 is a 0, YADD2 applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YDALO 


0:16:0-7 


00 


Y RAM Data LSB Chip 0. YDALO is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 0. 


YDAL1 


1:16:0-7 


00 


Y RAM Data LSB Chip 1 . YDAL1 is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 1 . 


YDAL2 


2:16:0-7 


00 


Y RAM Data LSB Chip 2. YDAL2 is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM location in DSP chip 2. 


YDAMO 


0:17:0-7 


00 


Y RAM Data MSB Chip 0. YDAMO is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations In DSP chip 0. 


YDAM1 


1:17:0-7 


00 


Y RAM Data MSB Chip 1. YDAM1 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 1 . 


YDAM2 


2:17:0-7 


00 


Y RAM Data MSB Chip 2. YDAM2 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations m DSP chip 2. 


YWTO 


0:18:1 





Y RAM Write Chip 0. When YWTO is a 1 and YACCO is set to a 1 , DSP chip copies data from the Y RAM 
Data registers (0 : 1 6 and : 1 7) into the Y RAM location addressed by YADDO and YCRO. When control 
bit YWTO is a and YACCO is set to a 1 , DSP chip reads Y RAM at the location addressed by 
YADDO and YCRO. The read data is stored into the Y RAM Data registers (0:16 and 0:17). 


YWT1 


1:18:1 





Y RAM Write Chip 1 . When YWT1 is a 1 and YACC1 is set to a 1 , DSP chip 1 copies data from the Y RAM 
Data registers (1 • 1 6 and 1 : 1 7) into the Y RAM location addressed by YADD1 and YCR1 . When control 
bit YWT1 is a and YACC1 is set to a 1 , DSP chip 1 reads Y RAM at the location addressed by 
YADD1 and YCR1 . The read data is stored into the Y RAM Data registers (1 : 16 and 1 : 17). 


YWT2 


2:18:1 





Y RAM Write Chip 2. When YWT2 is a 1 and YACC2 is set to a 1 , DSP chip 2 copies data from the Y RAM 
Data registers (2: 16 and 2: 17) into the Y RAM location addressed by YADD2 and YCR2. When control 
bit YWT2 is a and YACC2 is set to a 1 , DSP chip 2 reads Y RAM at the location addressed by 
YADD2 and YCR2. The read data is stored in the Y RAM Data registers (2:16 and 2:17). 
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DSP RAM ACCESS 

GENERAL 

DSP RAM Organization 

Each DSP contains a 16-bit wide random access memory (RAIVI). 
Because the DSP is optimized for performing complex arithmetic, 
the RAM is organized into real (X RAM) and imaginary (Y RAM) 
parts. The host processor can access (read or write) the X RAM 
only, the Y RAM only, or both the X RAM and the Y RAM 
simultaneously. 

Interface IVIemory Access to DSP RAIVI 

The interface memory acts as an intermediary during host to 
DSP RAM or DSP RAM to host data exchanges. The address 
stored in DSP interface memory RAM Access registers by the 
host, in conjunction with the data or coefficient RAM bit (e.g., 
XCRO) determines the DSP RAM address for data access. 

One or two 1 6-bit words are transferred between DSP RAM and 
DSP interface memory once each device cycle. The transmitter 
device and the receiver sample rate device operate at the 
9600 Hz sample rate. The receiver baud rate device operates 
at the baud rate of the selected data rate. 

Two RAM access bits in each DSP interface memory tell the 
DSP to access the X RAM and/or Y RAM. For example, the 
transfer is initiated in the transmitter by the host setting the 
XACCO and/or the YACCO bit(s). The transmitter tests these bits 
each sample period. The receiver tests XACC1 and YACC1 each 
sample period and XACC2 and YACC2 each baud period. 

The following procedure applies to DSP RAM access in the trans- 
mitter device. The procedure to access DSP RAM in the receiver 
devices is the same with the exception of the RAM access 
bit names. 



to a 1 . Load the RAM Address code into X RAM Address and/or 
Y RAM address register; then set XCRO and/or YCRO appropri- 
ately. Set XACCO and/or YACCO to a 1 to signal the DSP to 
perform the RAM read. When the DSP has transferred the 
contents of RAM into the interface memory RAM Data registers, 
the DSP sets the XACCO and/or the YACCO bit to a and the 
NEWSO bit to a 1 to indicate DSP RAM read completion. 

If the NSIEO bit is a 1 , ]RQ is also asserted when NEWSO Is set 
to a 1. When IRQ is asserted, NSIAO goes to a 1 to inform the 
host that setting of the NEWSO bit was the source of the inter- 
rupt. NSIAO is cleared by writing a into the NEWSO bit, which 
causes IRQ to return high if no other interrupt requests are 
pending. 

CONTINUOUS RAM READ PROCEDURE 

There are several diagnostic parameters that the host may wish 
to read every sample or every baud period. One example of this 
is the EQM (Eye Quality Monitor) value in chip 2 (receiver baud). 
The host may avoid having to set the XACC2/YACC2 bit every 
baud period by using the continuous read feature. Setting 
XCRD2 to a 1 overrides both XACC2 and XWT2 bits, while set- 
ting YCRD2 to a 1 overrides both YACC2 and YWT2 bits. 

The RAM address registers 1 A and 1C and the XCR2 and YCR2 
bits must be set up as described in the general DSP RAM read 
procedure. Then set XCRD2 and YCRD2 to 1 . The chip 2 DSP 
will then transfer data to the interface memory every baud. The 
NEWS2 bit is set as described in the general DSP RAM read 
procedure. 

The transmitter (chip 0) and receiver (chip 1) can be similarly 
treated, however, data will be transferred every sample by each 
device. 

Table 9 provides the RAM functions, address codes, and 
registers. 



DSP RAM Write Procedure (Transmitter) 

Before writing to DSP interface memory, set XACCO and YACCO 
to a 0. Set XWTO and/or YWTO to a 1 to inform the DSP that 
a RAM write will occur when XACCO and/or YACCO is set to a 1 . 
Load the RAM address into X RAM Address and/or Y RAM 
Address registers; then set XCRO and/or YCRO appropriately. 
Write the desired data into the interface memory RAM Data 
registers then set XACCO and/or YACCO to a 1 to signal the DSP 
to perform the RAM write. When the DSP has transferred the 
contents of the interface memory RAM Data registers into RAM, 
the DSP sets the XACCO and/or the YACCO bit to a and the 
NEWSO bit to a 1 to indicate DSP RAM write completion. 

If the NSIEO bit is a 1 , IRQ is also asserted and NSIAO is set to a 
1 when NEWSO is set to a 1. NSIAO i s clea red by writing a 
into the NEWSO bit, which also causes IRQ to return high if no 
other interrupt requests are pending. 

DSP RAM Read Procedure (Transmitter) 

Before reading from DSP interface memory, set XACCO and 
YACCO to a 0. Set XWTO and/or YWTO to a to inform the DSP 
that a RAM read will occur when XACCO and/or YACCO is set 



SOFTWARE INTERFACE CONSIDERATIONS 

INTERRUPT REQUEST HANDLING 

DSP interface memory registers registers 00, 1E and 1F have 
unique hardware connections to the Interrupt logic. Register 00 
is the Receive Buffer (RBUFFER)/Rate Sequence Code 
LSB (RSEQL) in the receiver sample rate device and the Transmit 
Buffer (TBUFFER)/Transmit Signal Point X (TSPX) in the trans- 
mitter device. Registers 1E and 1F hold interrupt flag, interrupt 
enable, and interrupt active bits. When a condition occurs that 
satisfies an interrupt criteria, the corresponding interrupt flag bit 
is set. This interrupt flag can be reported to the host e ither by the 
host polling th e inte rrupt flag bits (i.e., not using IRQ) or b y bein g 
interrupted by IRQ. When an interrupt enable bit is a 1, IRQ is 
asserted and the appropriate interrupt active bit set to a 1 when 
the corresponding interrupt condition occurs. 

The basic sources for IRQ generation are status change detected, 
configuration change implemented, receive buffer full and trans- 
mit buffer empty. Each source is individually maskable. Table 10 
identifies the interrupt sources and describes the interrupt clearing 
procedures. 
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Table 9. R9696DP RAM Addresses 









Address Code 










Address Code 




Real 


Imaginary 


Real 


Imaginary 






Chip 


Part 


Part 


CR 






Chip 


Part 


Part 


CR 


No. 


Function 


No. 


(X) 


(Y) 


BIti 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


1 


Transmitter Compromise Equalizer 
Coefficients- 










28 


Tone Detector C Bandpass 
Filter Coefficients 


1 


32 


— 


1 




First Tap 





5B 


_ 


1 


29 


RLSD On-to-Off Threshold 




07 


— 


1 




Last Tap 





34 


_ 


1 


30 


RLDS Off-to-On Threshold 




01 


— 





2 


V.33/V.32 Rate Sequence 





93 


— 


1 


31 


Receiver Chip 1 New Status Bit (NEWS1) 










3 


DTMF Tone Duration 





9A 


— 


1 




Masking Register for 1 :A and 1 :B 




9B 


— 


1 


4 


DTMF Interdigit Delay 





1A 


— 


1 




Masking Register for 1:C and 1:D 




9C 


— 


1 


5 


DTMF Low Band Power Level 





19 


— 


1 




Masking Register for 1:E and 1:F 




9D 


— 


1 


6 


DTMF High Band Power Level 





99 


— 


1 


32 


Received Signal Samples 




03 


— 





7 


Pulse Relay Make Time 





9C 


— 


1 


33 


Demodulator Output 




04 


84 





8 


Pulse Relay Break Time 





1C 


— 


1 


34 


Low Pass Filter Output 




00 


80 





9 


Pulse Interdigit Delay 





IB 


— 


1 


35 


Average Energy 




02 


— 





10 


Transmitter Output Level Gam Constant 





99 


— 





36 


AGC Gain Word 




01 


— 


1 


11 


Dual Tone 1 Frequency 





87 


— 





37 


Timing Recovery Update 




25 


— 





12 


Dual Tone 2 Frequency 





90 


— 


1 


38 


V.23 Receiver Compromise Equalizer 










13 


Dual Tone 1 Power Level 





02 


— 







Coefficients: 










14 


Dual Tone 2 Power Level 





82 


— 







Tapl 




76 


— 


1 


15 


Transmitter New Status Bit (NEWSO) 





11 


— 


1 




Tap 20 




63 


— 


1 




Masking Register for 0:E and OF 












Tap 21 




F6 


— 


1 


16 


Total Span of Echo Canceller 





9D 


— 







Tap 40 




E3 


— 


1 


17 


Echo Canceller Dividing Point 





AO 


— 





39 


Equalizer Input 


2 


18 


98 





18 


Far End Echo Canceller Center 





24 


— 





40 


Equalizer Tap Coefficients: 












Tap Position 












First Tap 


2 


18 


98 


1 


19 


Echo Canceller Update Coefficient 





24 


— 


1 




Last Tap 


2 


47 


C7 


1 




(Training Mode) 










41 


Un rotated Equalizer Output 


2 


01 


81 





20 


Echo Canceller Update Coefficient 





A4 


— 


1 


42 


Rotated Equalizer Output (Received Points) 


2 


02 


82 


1 




(Data Mode) 










43 


Decision Points (Ideal Points) 


2 


02 


82 





21 


CTS OFF-to-ON Response Time 





10 


— 


1 


44 


Equalizer Error 


2 


03 


83 







(RTS-CTS Delay) 










45 


Equalizer Rotation Angle 


2 


87 


— 


1 


22 


Round Trip Far Echo Delay 





9E 


— 





46 


Equalizer Frequency Correction 


2 


OA 


— 


1 


23 


Echo Canceller Error 





20 


— 





47 


Eye Quality Monitor (EQM) 


2 


07 


— 


1 


24 


Far End Echo Frequency Offset 





20 


— 


1 


48 


Maximum Period of Valid Ring Signal 


2 


17 


— 





25 


Far End Echo Level 





25 


— 





49 


Minimum Period of Valid Ring Signal 


2 


97 


— 





26 


Tone Detector A Bandpass 
Filter Coefficients 


1 


26 


— 


1 


50 


Receiver Chip 2 New Status Bit (NEWS2) 
Masking Register for 2E and 2:F 


2 


7E 


— 





27 


Tone Detector B Bandpass 
Filter Coefficients 


1 


2C 




1 














Note: 1 . CR corresponds to XCRO, YCRO, 


XCRI.YCF 


=11 , XCR2, or YCR2 depending on the chip number and address code. 









Table 10. Interrupt Request Bits 



interrupt 
Active Bit 


Interrupt 
Enable Bit 


Interrupt 
Flag Bit 


Interrupt Condition Description 


Interrupt Clear Procedure 


Transmitter (DSP Chip 0) 


NSIAO 


NSIEO 


NEWSO 


New status detected (NEWSO transitioned from a to 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWSO 
(Clears NSIAO to a 0) 


NCIAO 


NCIEO 


NEWCO 


New transmitter configuration implemented by DSP 
(NEWCO transitioned from a 1 to a 0) 


Host writes a into NCIEO 
(Clears NCIAO to a 0) 


DBSAO 


DBIEO 


DBAO 


Transmitter Data Buffer is empty and can be written 
(DBAO transitioned from a to a 1) 


Host writes to register 0:0 (TBUFFER/TSPX) 
(Clears DBAO and DBIAO to 0) 


Receiver (DSP Chip 1) 


NSIA1 


NSIE1 


NEWS1 


New status detected (NEWS1 transitioned from a to a 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWS1 
(Clears NSIA1 to a 0) 


NCIA1 


NCIE1 


NEWC1 


New receiver configuration or receiverthreshold 
implemented by DSP (NEWC1 transitioned from a 1 to a 0) 


Host writes a into NCIE1 
(Clears NCIA1 to a 0) 


DBIA1 


DBIE1 


DBA1 


Receiver Chip 1 Data Buffer is full and can be read 
(DBA1 transitioned from a to a 1) 


Host reads register 1:0 (RBUFFER/RSEQL) 
(Clears DBA1 and DBIA1 to 0) 


Receiver (DSP Chip 2) 1 


NSIA2 


NSIE2 


NEWS2 


New status detected (NEWS2 transitioned from a to a 1) 
a RAM read or RAM write occurred 
b. Status bit changed in register OF 


Host writes a into NEWS2 
(Clears NSIA2 to a 0) 


TBIA2 


DBIE2 


DBA2 


Receiver Chip 2 Data Buffer is full and can be read 
(DBA2 transitioned from a to a 1) 


Host reads register 2:0 (RSPX) 
(Clears DBA2 and DBIA2 to 0) 
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AUTO DIAL PROCEDURE 

The host auto dial procedure is the same as outputting data to be 
transmitted using TBUFFER (Figure 5). The modem timing 
accounts for the DTIVIF tone duration and amplitude, pulse 
make/break ratio, and interdigit delay. These dialing parameters 
are host programmable in DSP RAM. 

The levels of the high band and low band DTMF tones may be 
modified by the host in DSP RAM. The level of the high band DTMF 
tone should be 2 dB greater than the level of the low band DTMF 
tone. 



The auto dialer default parameters are given in Table 11. 
Table 11. Auto Dialer Default Parameters 



Parameter 


Default Value 


DTMF Tone Duration 
DTMF Interdigit Delay 
DTMF Total Output Power Level 
DTMF Low Band Power Level 
DTMF High Band Power Level 


95 ms 
70 ms 
OdBm 
-4dBm 
-2dBm 


Pulse Relay Make Time 
Pulse Relay Break Time 
Pulse Interdigit Delay 


36 ms 

64 ms 

750 ms 



Dial Digits/Tone Pairs 





Dial 




Hex 


Digits 


Tone Pairs 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


* 


941 1209 


OB 


# 


941 1477 



( START j 



1 -* RA (0 :7:1) 
ACTIVATE OHRC 



-* RTS (0:8:0) 



81 -^ TCONF (0:12:0-7) 
1 -^ NEWC0(0:1F:0) 



1 (TONES) — DTMF (0:9:5) 
(PULSES) -* DTMF (0:9: 5) 



WRITE FIRST 

DIGIT IN TBUFFER (0:0) 



•^ DBA0(0:1E:0) = 



WRITE DIGIT 

IN TBUFFER (0:0) 



< 



LAST DIGIT? 



> 



y — \n 

^ DBA0(0:1E:0) = 1? V » 

Ty 

y 



REDD CONFIGURATION 
— TCONF (0:12:0-7) 
1 — NEWC0(0:1F:0) 



( STOP j 



Figure 5. R9696DP Auto Dial Sequence and Dial Digits 
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PERFORMANCE 

TYPICAL BIT ERROR RATES 

Typical modem bit error rate (BER) curves are shown in Figure 6 
for a back-to-back connection. 



TYPICAL BER TEST SETUP 

The BER curves shown in Figure 6 were prepared from data 
obtained using a TAS 1002 test system. 



10-3 



DC 10-4 



< 

cc 
o 

QC 

oc 



m 10-5 



V.32/7200TCM- 



-V.32/9600 
TCM 



V.22 BIS/2400 - 
ORG 



V.32/4800 - 



V.22 BIS/2400 - 
ANS 
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5 10 15 20 25 30 

Signal to Noise Ratio (SNR) - dB 
a. Typical Bit Error Rate (Back-to-Back, -20 dBm Receive Level, 
T Equalizer, Compromise Equalizer Disabled) 




Figure 6. Bit Error Rate Curves 



ELECTROMECHANICAL DESIGN 
CONSIDERATIONS 

The area outlined by the analog ground plane in Figure 7 contains 
components which are sensitive to electromagnetic interference 
(ElVII). When designing the host system, do not position radiating 
circuitry in the vicinity of this sensitive area. A ground plane 
adjacent to the modem analog circuitry is recommended. 



^oooooooooooooooooooooooooooooo / 



ANALOG 

GROUND ► 

PLANE 



®o 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOQi 




Figure 7. Analog Ground Plane Location 
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GENERAL SPECIFICATIONS 







Table 12. R9696DP Modem Power Requirements 




Voltage^ 


Tolerance 


Current (Typical) 

@25°C 


Current (Maximum) 
@0<>C 


+ 5VDC 
+12VDC 
-12VDC 


±5% 
±5% 
±5% 


300 mA 

3 mA 

30 mA 


585 mA 

6 mA 

36 mA 


Note: 1. Input voltage npple 


<0.1 volts peak-to-peak. 





Table 13. R9696DP Modem Environmental Specifications 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 


0*'Cto +70°C(32°Fto158°F) 

- 40°C to + 80°C ( - 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 

-200 feet to +10,000 feet 



Table 14. R9696DP Modem Mechanical Dimensions 



Parameter 


Specification 


Board Structure: 


Smgle PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 




Width 


3.228 in. (82 mm) 


Length 


3.937 in. (100 mm) 


Component Height 


E 


Top (max.) 


0.300 in. (7.62 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max.): 


3.6 02. (100 g) 


Pin Length (max.) 


0.535 ±0.015 in. (13.6 ±0.4 mm), gold plated 




0.433 ± 0.015 in. (11 .0 ± 0.4 mm), gold plated 




0.315 ±0.015 in. (8.0 ±0.4 mm), gold plated 



3.228 

(82) 
3.025 
(76.8) 



0.100 
(2.54) 

0.100 -*■ 

(2.54) 



0.250 
(6.4) 



i^ 



lOOOOOOOOOOOOOOOOOOOOOOOOOOOOf) ■ 



0.098 DIA (3 PL) 
(2.5) 

'OOOOiboOOQOOOOOOOOOOOOOOOOOOOdiC 



_► L 0-100 (TYR) 



(2.54) 



3.725 



3.937 



(94.6) 



SEE TABLE 14 



(100) 
0.025 SQ. PIN 
(0.64) (61 PL) 



3.075 
78.1 



i_ 



j 0.075 
(1.9) 



0.300 MAX 
r (7-62) 




COMPONENT AREA 



Figure 7. R9696DP Modem Dimensions and Pin Locations 
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LEASED LINE DATA MODEMS 
LEADING THE INDUSTRY WITH HIGH PERFORMANCE AND QUALITY 

Rockwell's extensive 4800 to 14400 bps leased-line modem product line can easily be incorporated into 
standalone or system level products at a minimal cost while offering your customer high performance, 
quality and reliability. This line of modems uses the latest technology to provide customers with the smal- 
lest, most integrated designs available on the market. 

Our high and ultra-high speed modems are designed to meet the Bell standard as well as the rigid CCITT 
recommendations. Whether operating at 4800 bps or 14400 bps, transmitting data across the street or 
across the world, customers can be assured that Rockwell modems have been designed, built and tested 
to ensure world-wide connectivity. 



Model 


Data Speed 
(bps) 


Compliance 


R208/201 


4800,2400,1200 


Bell 201 B/C, 208A/B CCITT V.27 bis/ter, V.26, V.26 bis 


R96DP 


9600. 7200. 4800, 2400 


CCITT V.29.V.27bls/ter 


R96FT 


9600, 7200, 4800, 2400 


CCITT V.29. V.27 bis/ter, V.21 Channel 2, 
Proprietary Fast Train 


R96FT/SC 


9600. 7200, 4800, 2400, 75 


CCITT V.29, V.27 bis/ter, V.21 Channel 2, 
Proprietary Fast Train. Secondary Channel 


R144DP 


14400,12000,9600,7200, 
4800, 2400 


CCITT V.33, V.29, V.27 bisAer 


R1496DP 


14400,12000,9600,4800, 
7200,2400,1200 


CCITT V.33. V.32, V.29, V.22 bis 
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R208/201 
Bell 208A/B and Bell 201C Modem 



INTRODUCTION 

The Rockwell R208/201 is a synchronous 4800, 2400 and 1200 
bits per second (bps) modem. It is designed for operation over 
the public switched telephone network (PSTN) as well as leased 
lines through the appropriate line termination. The R208/201 
automatically senses the mode of the remote modem 
(Bell 208 A/B or Bell 201C) and configures itself to operate in a 
compatible mode. 

The modem satisfies the telecommunications requirements 
specified in Bell 208A/B, Bell 201C, CCITT V.27, and CCITT 
V.26A/B. The R208/201 can operate at speeds of 4800, 2400 and 
1200 bps. Employing advanced signal processing techniques, 
the R208/201 can transmit and receive data even under 
extremely poor line conditions. 

User programmable features allow the R208/201 to be tailored to 
support a wide variety of functional requirements. The modem's 
small size, low power consumption, and serial/parallel host inter- 
face simplify system design and allow installation in a compact 
enclosure. The modem module is available with a DIN connector 
for connection to a mating connector or with dual-in-line pins 
(DIP) in normal or Micromodem™ size modules for direct plug-in 
installation onto a host module. 



Micromodem is a trademark of Rockwell International 




FEATURES 

• Compatible with 

— Bell 208A/B, Bell 201C 

— CCITT V.27 and V.26 

• Automatic Configuration during Synchronizing Sequence 

• 2-Wire Half-Duplex, 4-Wire Full-Duplex 

• Programmable Tone Generation 

• Programmable DTMF Tone Dialer 

• Call Progress Tone Detection 

• Programmable RTS/CTS Delay (Bell 201 C and V.26 only) 

• Dynamic Range: - 43 dBm to dBm 

• Equalization 

— Automatic Adaptive 

— Compromise Cable and Link (Selectable) 

• DTE Interface 

— Functional: CCITT V.24 (RS-232-C)(Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL and CMOS Compatible 

• Diagnostic Capability 

• Programmable Transmit Output Level 

• Loopbacks 

— Ljocal and Remote Analog 

— Remote Digital 

• Small Size 

— DIN Connector Version: 

100 mm X 120 mm (3.94 in. x 4.73 In.) 

— DIP Connector Version: (normal size) 
82 mm x 100 mm (3.23 in. x 3.94 in.) 

— Micromodem Version 

65 mm x 100 mm (2.56 in. x 3.94 in.) 

• Power Consumption: 3 W (Typical) 





R208/201 Micromodem Version 



R208/201 DIP Connector Version 



Document No. 29200N26 



Data Sheet 
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TECHNICAL SPECIFICATIONS 



TRANSMITTER CARRIER FREQUENCIES 

The supported transmitter carrier frequencies are listed in 
Table 1. 

Table 1 . Transmitter Carrier Frequencies 



Function 


Frequency 
(Hz ±0.01%) 


Bell 208A/B and Bell 201 C 
CCITT V.27 and V.26 


1800 
1800 



TONE GENERATION 

Under control of the host processor, the modem can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 
DTMF tone transmission capability Is provided to allow the 
modem to operate as a programmable DTMF tone dialer. 

SIGNALING AND DATA RATES 

The supported signaling and data rates are listed in Table 2. 

Table 2. Signaling/Data Rates 



Specification 


Baud Rate 
(Symbols/sec.) 


Bits 
Per 
Baud 


Data Rate 
(bps)(± 0.01 0/0) 


Symbol 
Points 


Bell 208A/B 
CCITT V.27 
CCITT V.27 
V.26B/Bell 201 C 
CCITT V.26 
CCITT V.26 


1600 
1600 
1200 
1200 
1200 
1200 


3 
3 
2 
2 
2 
1 


4800 
4800 
2400 
2400 
2400 
1200 


8 
8 

4 
4 
4 
4 



The out-of-band transmitter power limitations meet those sped- 
fied by Part 68 of the FCC's rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing scrambler/ 
descrambler This facility is in accordance with V.27 bis/ter. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The modem receiver circuit can adapt to received frequency 
error of up to ±10 Hz with less than 0.2 dB degradation in BER 
performance. 

RECEIVE LEVEL 

The modem receiver circuit satisfies all specified performance 
requirements for received line signal levels from dBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

TRANSMIT LEVEL 

The transmitter output level is accurate to ± 1 .0 dB and is pro- 
grammable from - 1 .0 dBm to - 15.0 dBm in 2 dB steps. 

TRAIN ON DATA 

When train on data is enabled, the receiver typically trains on 
data in less than 3.5 seconds. 

TURN-ON SEQUENCE 

Selectable turn-on sequences can be generated for Bell 208A/B 
and V.27 as defined i n Table 3. V.26A/B/Bell 2010 have a pro- 
grammable RTS/CTS delay with a default time of 26.6 ms (see 
>18). 



DATA ENCODING 

The modem data encoding conforms to Bell 208A/B, Bell 2010, 
CCITT V.27, and OOITT V.26. 

EQUALIZERS 

The modem provides equalization functions that improve per- 
formance when operating over low quality lines. 

Cable Equalizers — Selectable compromise cable equalizers in 
the receiver and transmitter are provided to optimize performance 
over different lengths of non-loaded cable of 0.4 mm diameter. 

Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-linl<. 

Automatic Adaptive Equalizer — An automatic adaptive equal- 
izer is provided in the receiver circuit. The equalizer can be con- 
figured as either a T or a T/2 equalizer. 

TRANSMITTED DATA SPECTRUM 

If the cable equalizer is not enabled, the transmitter spectrum is 
shaped by the following raised cosine filter functions: 

1. 1200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 



Table 3. Bell 208A/B and V.27 Turn-On Sequences 



Specification 


RTS-CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector 
Tone Enabled* 


Bell 208A/B Long 
Bell 208A/B Short 
V27 4800 Long 
V27 4800 Short 
V27 2400 Long 
V27 2400 Short 


150 
50 

708 
50 

943 
67 


355 
255 
913 
255 
1148 
272 


*For short echo protector tone, subtract 155 ms from RTS-CTS 
turn-on time. 



TURN-OFF SEQUENCE 

For Bell 208A/B and OOITT V.27, the turn-off sequence consists 
of approximately 7 ms and 10 ms, respectively, of remaining data 
and scrambled ones. For V.26B/Bell 201O and OOITT V.26, the 
turn-off sequence consists of approximately 6 ms of remaining 
data and scrambled ones. 

CLAMPING 

Received Data (RXD) is clamped to a constant mark (one) when- 
ever the Received Line Signal Detector (RLSD) is off. 
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MODEM OPERATION 

Because the modem is implemented in firmware executed by a 
specialized computer (the signal processor), operation can best 
be understood by dividing this section into hardware circuits and 
software circuits. Hardware circuits include all pins on the 
modem connector. Software circuits include configuration, con- 
trol (soft strapping), status, and RAM access routines. 

HARDWARE CIRCUITS 

The functional interconnect diagram (Figure 1) shows the 
modem connected into a system. In this diagram, any point that 
is active when exhibiting the relatively more negative voltage of a 
two voltage system (e.g., Vdc for TTL or -12 Vdc for 
RS-232-C) is called low active and is represented by association 
with a small circle at the signal point. The particular voltage lev- 
els used to represent the binary states do not change the logic 
symbol. Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or open- 
drain) outputs. These signal points include the additional nota- 
tion of a small triangle or a small half-circle (see signal IRQ), 
respe ctivel y. Active low signals are named with an overscore 
(e.g., POR). In deciding whether a clock output is high active or 
low active, the convention followed is to assume that the clocking 
(activating) edge appropriate to the host hardware is a transition 
from the clocks active to its inactive state (i.e., a trailing edge 
trigger). A clock intended to activate logic on its rising edge is 
called low active while a clock intended to activate logic on its 
falling edge is called high active. When a clock input is associ- 
ated with a small circle, the input activates on a failing edge. If 
no circle is shown, the input activates on a rising edge. 



The interconnect signals on Figure 1 are organized into six groups 
of modem operation: overhead signals, V.24 interface signals, 
microprocessor interface signals, diagnostic signals, analog sig- 
nals, and ancillary signals. Table 4 lists these groups along with 
their corresponding connector pin numbers. The six groups of hard- 
ware circuits are described in the following paragraphs. Table 5 lists 
the digital interface characteristics. 

POWER-ON RESET 

Basic modem operation can be understood most easily by begin- 
ning with the modem configured to default conditions. When the 
mode m is initially energized a signal called Power-On-Reset 
(POR) causes the mo dem to assume a valid operational state. 
The modem drives pin POR to ground during the beginning of the 
POR seque nce. Approximately 1 ms after the low to high transition 
of pin POR, the modem is ready for normal use. The POR sequence 
is reinitiated anytime the + 5V supply drops b elow + 3.5V for more 
than 30 ms, or an external device drives pin P OR low for at least 
3 /iS. When an external low input is applied to pin POR, the modem 
is ready for n ormal use approximately 10 ms after the low input is 
removed. Pin POR is not driven low by the modem when the POR 
sequence is initiated externally. In all cases, the POR sequence 
requires 50 ms to 350 ms to complete. The modem POR sequence 
leaves the modem configured as follows: 

• Bell 208 Short 

• Serial channel data 

• T/2 equalizer 

• No echo protector tone 

• - 43 dBm threshold 

• Cable and link equalizers disabled 

• Train-On-Data enabled 

• Scrambler and descrambler enabled 
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Figure 1. R208/201 Functional Interconnect Diagram 
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Table 4. 


R208/201 Hardware Circuits 










DIN 


DIP2 


Micromodem 




Name 


Typet 


Pin No. 


Pin No. 


Pin No. 


Description 


A. OVERHEAD: | 


Ground (A) 


AGND 


310,320 


30,31 


27,28 


Analog Ground Return 


Ground (D) 


DGND 


30,80, 5A,10A 


29,37,53 


32,36,51 


Digital Ground Return 


+ 5 volts 


PWR 


190,230,260,300 


1,45,61 


9,14,55 


+ 5 volt supply 


+ 1 2 volts 


PWR 


15A 


32 


29 


+ 12 volt supply 


-12 volts 


PWR 


12A 


36 


31 


-12 volt supply 


POR 


I/OB 


130 


2 


4 


Power-on-reset 


B. MICROPROCESSOR INTERFACE: | 


D7 


l/OA 


10 


3 


50 


-| 




D6 


l/GA 


1A 


4 


49 






D5 


l/OA 


20 


5 


48 






D4 


l/OA 


2A 


6 


47 




^ Data Bus (8 Bits) 


D3 


l/OA 


3A 


7 


46 






D2 


l/OA 


40 


8 


45 






D1 


l/OA 


4A 


9 


44 






DO 


l/OA 


50 


10 


43 






RS3 


lA 


60 


16 


3 


> 


RS2 


lA 


6A 


17 


58 




RS1 


lA 


70 


18 


57 


• Register Select (4 Bits) 


RSO 


lA 


7A 


19 


40 


J 


080 


lA 


100 


20 


2 


Chip Select Transmitter Device 


031 


lA 


90 


21 


42 


Chip Select Receiver Sample Rate 
Device 


082 


lA 


9A 


13 


60 


Chip Select Receiver Baud Rate Device 


READ 


lA 


120 


14 


— 


Read Enable 


READ 


lA 


— 


— 


61 


Read Enable 


WRITE 


lA 


11A 


12 


59 


Write Enable 


IRQ 


OB 


110 


11 


1 


Interrupt Request 


C. V.24 INTERFACE: | 


RDCLK 


00 


21A 


23 


38 


Receive Data Clock 


TDCLK 


00 


23A 


46 


6 


Transmit Data Clock 


XTCLK 


IB 


22A 


51 


5 


External Transmit Clock 


RTS 


IB 


25A 


50 


10 


Request-to-Send 


CT8 


00 


250 


49 


8 


Clear-to-Send 


TXD 


IB 


240 


48 


11 


Transmitter Data 


RXD 


OC 


220 


26 


35 


Receiver Data 


RLSD 


00 


24A 


27 


.37 


Received Line Signal Detector 


D. ANCILLARY CIRCUITS: | 


RBCLK 


00 


26A 


22 


12 


Receiver Baud Clock 


TBCLK 


00 


270 


47 


7 


Transmitter Baud Clock 


E. ANALOG SIGNALS: | 


TXA 


AA 


31A 


34 


26 


Transmitter Analog Output 


RXA 


AB 


32A 


33 


30 


Receiver Analog Input 


AUXIN 


AC 


30A 


— 


— 


Auxiliary Analog Input 


F. DIAGNOSTIC: | 


EYEX 


00 


150 


56 


52 


Eye Pattern Data— X Axis 


EYEY 


00 


14A 


55 


56 


Eye Pattern Data— Y Axis 


EYECLK 


OA 


140 


57 


54 


Eye Pattern Clock 


EYESYNC 


OA 


13A 


58 


53 


Eye Pattern Synchronizing Signal 


Notes: 






1. Refer to Table 5 for digital circuit interface characteris 


tics and Table 7 


for analog circuit interface charactenstics. 


2. Pins not used on the DIP Version: 15, 24, 25, 28, 35, 


38,39, 40,41,4 


2, 43, 44, 52, 54, 59, and 60. 


3. Pins not used on the Micromodem: 13, 15, 16, 17, 18 


19, 20, 21, 22, J 


13, 24, 33, 34, 39, and 41. 


4. Unused inputs tied to +5V or ground require individu 


al 10K senes r( 


jsistors. 
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Table 5. Digital Interface Characteristics 








Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


10 


OA 


OB 


CO 


I/O A 


I/OB 


V,H 


Input Voltage. High 


V 


2.0 Min. 


2.0 Min. 


2.0 Min. 








2.0 Min. 


5.25 Max. 
2.0 Min. 


V,L 


Input Voltage, Low 


V 


0.8 Max. 


0.8 Max. 


0.8 Max. 








0.8 Max. 


0.8 Max. 


VOH 


Output Voltage, High 


V 








2.4 Min.i 






2.4 Min.i 


2.4 Mln.3 


Vol 


Output Voltage, Low 


V 








0.4 Max.2 


0.4 Max.2 


0.4 Max.2 


0.4 Max.2 


0.4 Max.5 


l|N 


Input Current, Leakage 


mA 


±2.5[Vlax. 












±2.5 Max.* 




•oh 


Output Current, High 


mA 








-0.1 Max. 










loL 


Output Current, Low 


mA 








1.6 Max. 


1.6 Max. 


1.6 Max. 






»L 


Output Current, Leakage 


pA 










±10 Max. 








Ipu 


Pull-up Current 
(Short Circuit) 


,JK 




-240 Max. 
-10 Min. 


-240 Max. 
-10 Min. 






-240 Max. 
-10 Min. 




-260 Max. 
-100 Min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Co 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open-Drain 
w/Pull-up 


3-State 
Transceiver 


Open-Drain 
w/Pull-up 




1. ILoad = -1 

2. 1 Load = 1.6 


00 /lA 
mA 


Notes 

3. 1 Load = -40mA 

4. V,N = 0.4 to 2.4 Vdc, Vcc 


5. 1 Load = 0.36 mA 
= 5.25 Vdc 






This configuration is suitable for performing high speed cjata 
transfer using the serial data port. Individual features are dis- 
cussed in subsequent paragraphs. 

V.24 INTERFACE 

Eight hardware circuits provide timing, data, and control signals 
for implementing a serial interface compatible with CCITT Rec- 
ommendation V.24. These signals interface directly with circuits 
using TTL logic levels (OV, -i- 5V). These TTL levels are suitable 
for driving the short wire lengths or printed circuitry normally 
found within stand-alone modem enclosures or equipment cabi- 
nets. For driving longer cables, the voltage levels and connector 
arrangement recommended by EIA standard RS-232-C are 
preferred. 

The sequence of events leading to successful data transfer from 
transmitter to receiver is: 

1 . The transmitter is activated and a training sequence is sent. 

2. The receiver detects channel energy above the prescribed 
threshold level and synchronizes its operation to the 
transmitter. 

3. Data transfer proceeds to the end of the message. 

4. The transmitter turns off after insuring that all data has had 
time to be recovered at the receiver output. 

Transmitted Data (TXD) 

The modem obtains serial data from the local DTE on this input. 

Received Data (RXD) 

The modem presents received data to the local DTE on this output. 

Request To Send (RTS) 

RTS ON allows the modem to trans mit d ata on TXD when CTS 
becomes active. The responses to RTS are shown in Table 3. 



Clear To Send (CTS) 

CTS ON indicates to the terminal equipmen t that the modem will 
transmit any data which are pr esent on TXD. CTS response times 
from an ON condition of RTS are shown in Table 3. 

The time be tween the on-to-off transition of RTS and the on-to-off 
transition of CTS in data state is a maximum of 2 baud times for 
all configurations. 



Received Line Signal Detector (RLSD) 

For Bell 208A/B and CCITT V.27, RLSD turns on at the end of the 
training sequence. If training is not detected at the receiver, the 
RLSD off-to-on response time is 15 ± 10 ms. For Bell 201C, RLSD 
turns on in 10 ±5 ms after the detection of energy above thresh- 
old. The RLSD on-to-off response time for Bell 208A/B, CCITT 
V.27 and Bell 201C is 10 ±5 ms. Response times are measured 
with a signal at least 3 dB above the actual RLSD on the thresh- 
old or at least 5 dB below the actual RLSD off threshold. 

The RLSD on-to-off response time ensures that all valid data bits 
have appeared on RXD. 

Four threshold options are provided: 

1 . Greater than - 43 dBm (RLSD on) 
Less than - 48 dBm (RLSD off) 

2. Greater than - 33 dBm (RLSD on) 
Less than - 38 dBm (RLSD ofO 

3. Greater than - 26 dBm (RLSD on) 
Less than - 31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD on) 
Less than - 21 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the 
received signal is less than -43 dBm. 
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A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold level and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to the receiver's audio input (RXA). 

Transmit Data Clock (TDCLK) 

The modem provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1 . Frequency. Selected data rate of 4800 or 2400 Hz ( ± 0.01 %). 

2. Duty Cycle. 50 ±1%. 

TDCLK Is provided to the user in synchronous communications 
for USRT timing. In this case Transmit Data (TXD) must be stable 
during the one /iS period Immediately preceding and following 
the rising edge of TDCLK. 

External Transmit Clock (XTCLK) 

In synchronous communication where the user needs to supply 
the transmit data clock, the input XTCLK can be used. The clock 
supplied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input Is then reflected at TDCLK. 

Receive Data Clock (RDCLK) 



The modem provides a Receive Data Clock (RDCLK) output In 
the form of a 50 ±1 % duty cycle squarewave. The low-to-high 
trans itions of this output coincide with the center of received data 
bits. RDCLK is provided to the user in synchronous communi- 
cations for USRT timing. The timing recovery circuit is capable of 
tracking a ± .01 % frequency error in the associated transmit tim- 
ing source. 

MICROPROCESSOR INTERFACE 

Eight hardware circuits provide address, data, control, and inter- 
rupt signals for implementing a parallel interface compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means of 
soft strappable control bits and modem status bits. The signifi- 
cance of the control and status bits and methods of data inter- 
change are discussed In a later section devoted to software cir- 
cuits. This section describes the operation of the interface from a 
hardware standpoint. 

Chip Select (CS0-CS2) and 
Register Selects (RS0-RS3) 

The signal processor to be accessed I s sel e cted by groun ding 
one of three unique chip select lines, CS2, CS1 or CSO. The 
selected chip decodes the four address lines, RS3 through RSO, 
to select one of sixteen Internal registers. The most significant 
address bit (2^) is RS3 while the least significant address bit (2°) 
is RSO. Once the address bits have been decoded, the selected 
register can be read from or written Into via an 8-blt parallel data 
bus, 07 through DO. The most significant data bit (2^) is 07 while 
the least significant data bit (2°) Is DO. 



Read Enable ( READ) and 
Write Enable (WRITE) 

Reading or writing is activated b y pulsing either the READ line 
high (low for micromodem) or the WRITE line low. During a read 
cycle, data from the selected register is gated onto the data bus 
by means of three-state drivers. These drivers force the data 
lines high for a one bit or low for a zero bit. When not being read, 
the three-state drivers assume their off, high-impedance, state. 
During a write cycle, data from the data bus is copied into the 
selected register, with high and low bus levels representing one 
bits and zero bits, respectively. The timing required for correct 
read/write cycles is illu^rated in Figure 2. Logic necessary to 
convert the single R/W output fr om a 6 5XX series micro- 
processor to the separate READ and WRITE signals required by 
the modem is shown in Figure 3. 



Interrupt Request (IRQ) 

The final signal on the microprocessor interface is Interrupt 
Request (IRQ). This signal may be connected to the host micro- 
processor interrupt request input In order to int errup t host pro- 
gram execution for modem service. The use of IRQ is optional 
and the method of software implementati on Is described in a 
subsequent section, Software Circuits. The IRQ output structure 
is an o pen- drain field-effect-transistor (FET). This form of output 
allows IRQ to be connected in parallel to other sources of inter- 
rupt. Any of these sources can drive the host interrupt input low, 
and the Interrupt servicing process continues until all interrupts 
have been cleared and all IRQ sources have returned to their 
high Impedance state. Because of the open-drain structure of 
IRQ, an ext ernal pull-up resistor to + 5 volts is required at some 
point on t he IR Q line. The resisto r val ue should be small enough 
to pull the IRQ line high when all IRQ drivers are off (i.e., it must 
overcome the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a lev el acc eptable 
to each driver. For the case where only the modem IRQ driver is 
used, a resistor value of 5.6K ohms ±20%, 0.25 watt, is 
sufficient. 



ANALOG SIGNALS 

The analog signal characteristics are described in Table 6. 

Table 6. Analog Interface Characteristics 



Name 


Type 


Charscteristics 


TXA 
RXA 

AUXIN 


AA 
AB 

AC 


The transmitter output Is 604 ohms ±1%. 

The receiver Input impedance is SDK ohms 
±23%. 

The auxiliary analog input allows access to the 
transmitter for the purpose of interfacing with 
user provided equipment. Because this is a 
sampled data Input, any signal above 4800 Hz 
will cause aliasing errors. The Input Impedance 
Is IK ohms, and the gain to transmitter output Is 
the TLVL setting + 0.6 dB - 1 .4 dB. 
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TCS-.^ 


READ WRITE 


(1 = 0,1) >■ 








f 




-^ 


-^TCHTCS* 


«. ^ 


-»TCH 


TCS-»-j 


*- 








(1 = ^''^y///f\ 




W//M. 




:i 




— 


"^TCH TCS-J 


J/ 


|*TCH 


WRITE 




\ 


L 




\ 1 


- 


« 


-TWR 


•READ \ 


/ 




READ 1 


\ 






TDA-* 


♦-TDH -• 




-TWDS 


Di ; 


nPM OM 


^ i 


WDH-* 


\ 


(i = 0-7) S 


2 ^ 

V T 


/ 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi. RSi setup time prior 










to Read or Write 


TCS 


30 


— 


ns 


Data access time after Read 


IDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSi, RSi hold time after 










Read or Write 


TCH 


10 


— 


ns 


Write data setup time 


TWDS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


TWR 


75 


- 


ns 



Figure 2. Microprocessor Interface Timing Diagram 



R/W 



D-K> 



I I 



^>-^o 



READ 



R208/201 
MODEM 



WRITE 



•MICROMODEM ONLY. 



Figure 3. R/W to READ WRITE Conversion Logic 
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Transmitter Analog (TXA) 

The TXA line is an output suitable for driving an audio trans- 
former or data access arrangement for connection to either 
leased lines or the public switched telephone network. The out- 
put structure of TXA is a low impedance amplifier in series with 
an internal 604 ohm ±1% resistor to match a standard tele- 
phone load of 600 ohms. 

Receiver Analog (RXA) 

RXA is an Input to the receiver from an audio transformer or 
data access arrangement. The input impedance is nominally 
60K ohms but a factory select resistor allows a variance of 23%. 
The RXA input must be shunted by an external resistor in order to 
match a 600 ohm source. A 604 ohm ±1% resistor is 
satisfactory. 

Some form of transient protection for TXA and RXA Is recom- 
mended when operating directly into a transformer. This protec- 
tion may take the form of back-to-back zener diodes across the 
transformer or a varistor across the transformer. 

Auxiliary Input (AUXIN) 

AUXIN provides a means of inserting audio signals into the 
modem output stage. Because this input is summed with the 
transmitter output prior to the transmitter low pass filter and com- 
promise equalizers, the AUXIN signal is sampled by a compen- 
sated sample-and-hold circuit at a rate of 9600 samples-per- 
second. Any signal above 4800 Hz on the AUXIN line will be 
aliased back into the passband as noise. The input impedance of 
AUXIN is 1K ohm. The gain from AUXIN to TXA is the same as 
the selected transmit level + 0.6 dB - 1 .4 dB. AUXIN must be 
grounded if not used. 

DIAGNOSTIC SIGNALS 

EYEX, EYEY, EYECLK, and EYESYNC 

Four card edge connections provide the timing and data neces- 
sary to create an oscilloscope quadrature eye pattern. The eye 
pattern is simply a display of the received baseband constella- 
tion. By monitoring this constellation, an observer can often iden- 
tify common line disturbances as well as defects in the modulation/ 
demodulation process. 

The outputs EYEX and EYEY provide two serial bit streams con- 
taining data for display on the oscilloscope X axis and Y axis, 
respectively. Since this data is in serial digital form it must first be 
converted to parallel digital form by two serial-to-parallel con- 
verters and then to analog form by two D/A converters. A clock 
for use by the serial-to-parallel converters is furnished by signal 
EYECLK. A strobe for loading the D/A converters is furnished by 
signal EYESYNC. Timing of these signals is illustrated in Fig- 
ure 4. The EYEX and EYEY outputs furnish 9-bit serial words. 
Since most serial to parallel conversion logic is designed for 8-bit 
words, an extra storage flip-flop is required for 9-bit resolution. 
However, the ninth bit is not generally needed for eyepattern gen- 
eration, and eight -bit hardw are can be used if data is copied on 
the rising edge of EYECLK rather than the falling edge. 



ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Two clock signals called TBCLK and RBCLK are provided at the 
modem connector. These signals have no counterpart in the V.24 
or RS-232 recommendations since they mark the baud interval 
for the transmitter and receiver rather than the data rate. The 
baud clocks can be useful in identifying the order of data bits in a 
baud (e.g., for multiplexing data, etc.). Both signals are high 
active, meaning the baud boundaries occur on falling edges. The 
first bit in each baud begins with the falling edge of the corres- 
ponding baud clock. 

SOFTWARE CIRCUITS 

Operation of the microprocessor interface circuits was described 
in the hardware section from the standpoint of timing and load/ 
drive characteristics. In this section, operation of the microproc- 
essor interface is described from a software standpoint. 

The modem is implemented in firmware running on three special 
purpose signal processors. These signal processors share the 
computing load by performing tasks that are divided into areas. 
These areas are partitioned into transmitter, baud rate, and sam- 
ple rate devices. 

INTERFACE MEMORY 

Each signal processor can communicate with the host processor 
by means of a specialized, dual-port, scratch-pad memory called 
interface memory. A set of sixteen 8-bit registers, labeled regis- 
ter through register F, can be read from or written into by either 
the host processor or signal processor. The host communicates 
via the microprocessor interface lines shared between the two 
signal processors. The signal processor communicates via its 



EYESYNC 



EYECLK 



EYEX, 
EYEY 




Ln_n_r 



^CIX3DCZXZ3^ 



LSB 



Figure 4. Eye Pattern Timing 
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internal I/O bus. Information transfer from SP RAM to Interface 
memory is accomplished by the signal processor logic unit mov- 
ing data between the SP main bus and the SP I/O bus. Two of the 
16 addressable interface memory registers (i.e., register and 
register E) have unique hardware connections to the interrupt 
logic. It Is possible to enable a bit In register E to cause an inter- 
rupt each time it sets. This Interrupt can then be cleared by a read 
or write cycle from the host processor to register 0. This opera- 
tion is discussed in detail later In this section. 

Memory maps of the 48 addressable registers in the modem are 
shown In Figure 5. These registers may be read or written on any 
host read or write cycle, but all eight bits of that register are 
affected. In order to read a single bit or a group of bits in a register, 
the host processor must mask out unwanted data. When writing 
a single bit or group of bits in a register the host processor must 
perform a read-modlfy-write operation. That is, the entire register 
is read, the necessary bits are set or reset in the accumulator of 
the host, then the original unmodified bits and the modified bits 
are written back Into the register of the Interface memory. 

Table 7 defines the Individual bits in the Interface memory. In the 
Table 7 descriptions, bits In the Interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by Y (0 or 
1), the register number by Z (0 through F), and the bit number by 
Q (0 through 7, with == LSB). 



SIGNAL PROCESSOR RAM ACCESS 



RAM and Data Organization 

Each signal processor contains 128 words of random access 
memory (RAM). Each word is 32 bits wide. Because the signal 
processor is optimized for performing complex arithmetic, the 
RAM words are frequently used for storing complex numbers. 
Therefore, each word Is organized Into a real part (1 6 bits) and an 
imaginary part (16 bits) that can be accessed independently. 
The portion of the word that normally holds the real value is 
referred to as XRAM. The portion that normally holds the imagi- 
nary value is referred to as VRAM. In the sample rate and baud 
rate devices the entire contents of XRAM and YRAM may be read 
from or written into by the host processor via the microprocessor 
interface. Access to the YRAM Is possible only in the transmitter 
device. 



Interface Memory 

The Interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. Information transfer 
between RAM and interface memory is accomplished by the sig- 
nal processor logic unit moving data between the SP main bus 
and the SP I/O bus. The SP logic unit determines the RAM 
address to read from or write into by the code stored in the RAM 
ACCESS bits of Interface memory registers. The SP logic unit 



normally transfers a word from RAM to Interface memory once 
each cycle of the device code. Each RAM word transferred to the 
interface memory is 32 bits long (16 bits In the transmitter). These 
bits are written by the SP logic unit into interface memory regis- 
ters 3, 2, 1 , and in that order. Registers 3 and 2 contain the 
most and least significant bytes of XRAM data, respectively, 
while registers 1 and contain the most and least significant 
bytes of YRAM data, respectively. As previously described for 
parallel data mode, the data available bits set to a one when 
register of the respective signal processor Is written into by the 
device and resets to a zero when register is read from by the 
host. Since the parallel data mode transmitter and receiver data 
register shares register with the YRAM data, chip and 1 RAM 
access are disabled in parallel data mode. However, chip 2 RAM 
access remains active in receiver parallel data mode. 



The transmitter, sample rate device and the baud rate device 
allow data to be transferred from interface memory to RAM. 
When set to a one, bit SWRT (1 :7:3) signals the chip 1 SP logic 
unit to suspend transfer of RAM data to the interface memory, 
and Instead, to transfer data from Interface memory to RAM. Bit 
TWRT (0:6:3) performs the same function for chip RAM and bit 
BWRT (1 :7:2) performs the same function for chip 2 RAM. When 
writing into the RAM, 32 bits are transferred. The 1 6 bits written 
Into XRAM come from registers 3 and 2, with register 3 being the 
more significant byte. The 16 bits written Into YRAM come from 
registers 1 and 0, with register 1 being the more significant byte. 
When only 16 bits of data are to be written, FF (a dummy RAM 
location) must be stored in RAM ACCESS XS or RAM ACCESS 
YS to prevent writing the insignificant 16 bits of registers 1 :3 
through 1 :0 into a valid RAM location. When the host processor 
writes Into register 1 :0 the RSDA bit (1 :E:0) is reset to zero. When 
the SP logic unit reads data from register 1 :0, the RSDA bit 
(1 :E:0) is set to a one. In a similar manner, bit RBDA (2:E:0) resets 
to zero when the host processor writes into register 2:0 and sets 
to a one when the SP logic unit reads data from register 2:0. 



When reading from RAM, or writing into RAM, the bits in regis- 
ters 0:E, 1 :E, 2:E can be used for handshaking or Interrupt func- 
tions as in parallel data mode. When not in parallel data mode, 
the bits in register 1 :E perform the handshake and interrupt func- 
tions for RAM access. In both serial and parallel data modes, the 
bits in register 2:E perform handshake and Interrupt functions for 
RAM access. When set to one, bit RBIE (2:E:2) enables RBDA to 
drive the IRQ connector signal to zero volts when RBDA is a one. 
Bit RBI A (2:E:7) identifies chip 2, the baud rate device, as a 
source of IRQ interrupt. Bit RBIA is a one when both RBIE and 
RBDA are set to one. In the event that other system elements may 
cause IRQ to be driven low, the host must determine if modem 
chip 2 is causing an Interrupt by reading RBIA. 



Table 8 provides the available RAM access functions, codes, and 
registers. 
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Transmitter Interface Memory Chip (CSO) 



ReglstePs^ 


■ 

7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS T 


E . 


TIA 


- 


- 


- 


TSB 


TIE 


_ 


TBA 





- 


- 


— 


- 


— 


, — 


— 


— 


C 


- 


- 


- 


- 


- 


- 


_ 


- 


B 


- 


- 


- 


'- 


- 


— 


- 


- 


A 


- 


- 


- 


- 


- 


- 


- 


- 


9 


- 


- 


— 


— 


— 


— 


- 


— 


8 


- 


- 


- 


— 


— 


— 


— 


- 


7 


RTS 


TTDIS 


SDIS 


MHLD 


EFT 


TPDM 


XCEN 


SEPT 


6 


TRANSMITTER CONFIGURATION/TWRT (BIT 3) 


5 


- 


DCEQ 


CEQ 1 LAEN 1 LDEN 


A3L 


D3L 


4 


L3ACT 


L4ACT 


L4HG 1 TLVL 


L2ACT 


LCEN 


3 


FREQM 


2 


FREQL 


1 


RAM DATA YTM 





RAM DATA YTL; TRANSMITTER DATA; DDR 


"TL 


7 


6 


5 


4 


3 


2 


1 





(— ) Indicates reserved for modem use only. | 


Rieceiver interface AAemory Chip 1 (CS1) 


RegisteK^ 


7 


6 


5 


4 


3 


2 


1 







SQH 


- 


— 


- 


- 


— 


— 


- 




RSIA 


- 


- 


— 


RSB 


RSIE 


— 


RSDA 







- 


- 


- 


- 


— 


— 


- 






- 


- 


- 


- 


- 


- 


- 




- 


PNDET 


- 


- 


— 


— 


— 


CDET 




- 


- 


_ 


- 


- 


— 


- 


— 




- 


FED 


- 


- 


- 


TONE 


— 


- 






- 


- 


- 


- 


P2DET 


- 


- 




RTH 


DDIS 


RPDM 


SWRT 


BWRT 


T2 


RTDIS 




IFIX 1 TOD 


RECEIVER CONFIGURATION 




RAM ACCESS XS 




RAM ACCESS YS 




RAM DATA XSM 




RAM DATA XSL 




RAM DATA YSM 




RAM DATA YSL; RECEIVER DATA 


Reglstei:// 


7 


6 


5 


4 


3 


2 


1 





(— ) Indicates reserved for modem use only. 



Receiver Interface IMemory Chip 2 (CS2) 




ReglsteK 


7 


6 


5 


4 


3 


2 


1 





F 


— 


- 


— 


- 


— 


— 


- 


- 


E 


RBIA 


- 


- 


- 


- 


RBIE 


- 


RBDA 


D 


- 


— 


— 


- 


— 


- 


— 
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- 


- 


— 


— 


— 


— 


— 


- 


B 


- 


- 


— 


- 


■- 


_ 


- 


- 


A 


- 


- 


— 


- 


— 


- 


- 


- 


9 


- 


- 


- 


- 


- 


- 


- 


- 


8 


- 


- 


- 


- 


- 


- 


— 


- 


7 


- 


- 


— 


- 


- 


_ 


— 


— 


6 


— 


- 


— 


~ 


— 


- 


- 


- 


5 


RAM ACCESS XB 


4 


RAM ACCESS YB 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


% 


7 


6 


5 


4 


3 


2 


1 





(— ) Indicates reserved for modem use only. 



Figure 5. Interface Memory Map 
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Table 7. R208/201 Interface Memory Definitions 



Mnemonic 



Name 



Memory 
Location 



Description 



A3L 



BWRT 
CEQ 



Amplitude 3-Link 
Select 



Baud Write 

Cable Equalizer 
Field 



CDET 



Carrier Detector 



DCEQ 

DDIS 

DDR 
DSL 



Digital Compromise 
Equalizer 

Descramble Disable 



Dial Digit Register 
Delay 3-Link Select 



0:5:1 

1:7:2 
0:5: (4.5) 



1:80 



1.7:5 

0:0:0-7 
0:5:0 



A3L IS used in conjunction with LAEN. When A3L is a one the Japanese 3 link 
equalizer is selected and when A3L is a zero the U.S. Survey Long link equalizer is 
selected. 

When control bit BWRT is a one, the RAM write operation is enabled for Chip 2. 

The CEQ Control field simultaneously controls amplitude compromise equalizers in both 
the transmit and receive paths. The following tables list the possible cable equalizer 
selection codes and responses. 

CEQ Cable Length (0.4 mm diameter) 

0.0 

1 1.8 km 

2 3.6 km 

3 7.2 km 



Cable Equalizer Nominal Gain 



CEQ CODE 1 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+ 0.15 
+ 1.43 


-0.94 
-0.24 
+ 0.31 
+ 1.49 



CEQ CODE 2 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-2.39 
-0.65 
+ 0.87 
+ 3.06 


-2.67 
-0.74 
+ 1.02 
+ 3.17 



CEQ CODE 3 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) | 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-3.93 
-1.22 
+ 1.90 
+ 4.58 


-3.98 
-1.20 
+ 1.81 
+ 4.38 



Unless a problem with training or high bit error rate is encountered, most applications 
operate successfully with no cable equalizer selected. 

When zero, status bit CDET indicates that passba nd energy is being detected, and 
that a training sequence is not in process. CDET goes to a zero a t the s tart of the 
data state, and returns to a one at the end of the received signal. CDET activate s 
up to 1 baud time before RLSD and deactivates within 2 bau d time s after RLSD. If the 
FED bit goes to a zero and no P2 sequence is detected, the CDET bit goes to zero 
within 5 to 25 ms indicating that the receiver has entered the data state without a 
training sequence. 

When control bit DCEQ is a one, a digital compromise equalizer is inserted in the transmit 
path. (Bell 201 C/V 26 modes only.) Applicable to B5407-18 and subsequent. 

When control bit DDIS is a one, the receiver descrambler circuit is removed from the 
data path. 

DDR is used to tell the modem which DTMF digit to transmit (see Transmitter Data). 

D3L IS used in conjunction with LDEN. When D3L is a one the Japanese 3 link 
equalizer is selected and when D3L is a zero the U.S. Survey Long link equalizer is selected. 
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Table 7. R208/201 Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



EPT 



FED 



(None) 



Echo Protector 
Tone 

Fast Energy 
Detector 

FREQL/FREQM 



1:9:6 



0:2:0-7, 
0:3:0-7 



IFIX 



LAEN 



Eye Fix 



Link Amplitude 
Equalizer Enable 



1:6:7 



0:5:3 



When control bit EPT is a one, an unmodulated carrier is transmitted for 185 ms 
(optionally 30 ms) followed by 20 ms of no transmitted energy at the start of transmission. 

When status bit FED is a zero, it indicates that energy above the receiver threshold is 
present in the passband, and the receiver is searching for the training sequence. 

The host processor conveys tone generation data to the transmitter by writing a 16-blt 
data word to the FREQL and FREQM registers in the interface memory space, as 
shown below: 



FREQM Register (0:3) 














Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


FREQL Register (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01% 

Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are 
given below: 



FREQM 



FREQL 



oc 


52 


ID 


55 


2C 


00 


31 


55 


38 


00 



Frequency (Hz) 

462 
1100 
1650 
1850 
2100 



When control bit IFIX is a one, the serial data on EYEX and EYEY reflect the rotated 
equalizer output and do not follow the data selected by RAM ACCESS XB and RAM 
ACCESS YB 



The link amplitude equalizer enable and select bits control an amplitude compromise 
equalizer in the receive path according to the following table: 



LAEN 



1 

1 



A3L 

X 


1 



Curve Matched 

No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



The link amplitude equalizer responses are given in the following table. 
Linic Amplitude Equalizer 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) 


U.S. Survey Long 




1000 
1400 
2000 
2400 
2800 
3000 


-0.27 
-0.16 
+ 0.33 
+ 1.54 
+ 5.98 
+ 8.65 


-0.13 
-0.08 
+ 0.16 
+ 0.73 
+ 2.61 
+ 3.43 
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Table 7. R208/201 Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



LCEN 



LDEN 



L2ACT 
L3ACT 

L4ACT 

L4HG 
MHLD 
PNDET 
P2DET 
(None) 
(None) 
(None) 
(None) 



Loop Clock Enable 

Link Delay 
Equalizer Enable 



0:4:0 



Remote Digital 
Loopback Activate 

Local Analog 
Loopback Activate 



Remote Analog 
Loopback Activate 



Loop 4 High Gain 



Mark Hold 



Period N Detector 



Period Two 
Detector 



RAM Access T 



RAM Access XB 



RAM Access XS 



RAM Access YB 



0:4:1 



0:4:7 



0:4:6 



0:4:5 



0:7:4 



1:B:6 



0:F:0-7 



When control bit LCEN Is a one, the transmitter clock tracks the receiver clock. 

The link delay equalizer enable and select bits control a delay compromise equalizer in 
the receive path according to the following table: 



LDEN 



1 
1 



D3L 

X 



1 



Curve Matched 

No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



The link delay equalizer responses are given in the following table. 
Link Delay Equalizer 



Frequency 
(Hz) 


Delay Relative to 
1700 Hz (Microseconds) 


U.S. Survey Long 


Japanese 3-Link 


800 
1200 
1600 
1700 
2000 
2400 
2800 


-498.1 
-188.3 

-15.1 
+ 0.0 

-39.8 
-423.1 
-672.4 


-653.1 
-398.5 

-30.0 
+ 0.0 

+ 11.7 
-117.1 
-546.3 



When control bit L2ACT is a one, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT recommendation V.54 loop 2. 

When control bit L3ACT is a one, the transmitter analog output is coupled to the 
receiver analog input through an attenuator in accordance with CCITT recommendation 
V.54 loop 3. 

When control bit L4ACT is a one, the receiver analog input is connected to the transmitter 
analog output through a variable gain amplifier in a manner similar to recommendation 
V.54 loop 4. 

When control bit L4HG is a one, the loop 4 variable gain amplifier is set for +16 dB, 
and when at zero the gain is zero dB. 

When control bit MHLD is a one, the transmitter input data stream is forced to all marks 
(ones). 



When status bit PNDET is a zero, it indicates a PN sequence has been detected. This 
bit sets to a one at the end of the PN sequence. 



When status bit P2DET is a zero, it indicates that a P2 sequence has been detected. 
This bit sets to a one at the start of the PN sequence. 

Contains the RAM access code used in reading or writing chip RAM locations via 
word Y (0:1 and 0:0). 

Contains the RAM access code used in reading or writing chip 2 RAM locations via 
word X (2:3 and 2:2). 

Contains the RAM access code used in reading or writing chip 1 RAM locations via 
word X (1:3 and 1:2). 

Contains the RAM access code used in reading or writing chip 2 RAM locations via 
word Y (2:1 and 2:0). 
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Table 7. R208/201 Interface Memory Definitions (Continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


(None) 


RAM Access YS 


1:4:0-7 


Contains the RAM access code used in reading or writing chip 1 RAM locations via 
word Y (1:1 and 1:0). 


(None) 


RAM Data XBL 


2:2:0-7 


Least significant byte of 16-bit word X used in reading or writing RAM locations in chip 2. 


(None) 


RAM Data XBM 


2:3:0-7 


Most significant byte of 16-bit word X used in reading or writing RAM locations in chip 2. 


(None) 


RAM Data XSL 


1:2:0-7 


Least significant byte of 16-bit word X used in reading or writing RAM locations in chip 1. 


(None) 


RAM Data XSM 


1:3:0-7 


Most significant byte of 16-bit word X used in reading or writing RAM locations in chip 1. 


(None) 


RAM Data YBL 


2:0:0-7 


Least significant byte of 16-bit word Y used in reading or writing RAM locations in chip 2. 


(None) 


RAM Data YBM 


2:1:0-7 


Most significant byte of 16-bit word Y used in reading or writing RAM locations in chip 2. 


(None) 


RAM Data YSL 


1:0:0-7 


Least significant byte of 16-bit word Y used in reading or writing RAM locations in 
chip 1 . Shared by parallel data nnode for presenting channel data to the host 
microprocessor bus. See 'Receiver Data.' 


(None) 


RAM Data YSM 


1:1:0-7 


Most significant byte of 16-bit word Y used in reading or writing RAM locations in chip 1. 


(None) 


RAM Data YTL 


0:0:0-7 


Least significant byte of 16-bit word Y used in reading or writing RAM locations in 
chip 0. It is shared by parallel data mode and DTMF dialing (see Transmitter Data). 


(None) 


RAM Data YTM 


0:1:0-7 


Most significant byte of 16-byte word Y used in reading or writing locations In chip 0. 


RBDA 


Receiver Baud 
Data Available 


2:E:0 


Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit goes 
to a zero when the host processor reads data from register 2:0. 


RBiA 


Receiver Baud 
Interrupt Active 


2:E:7 


This status bit is a one whenever the receiver baud rate device is driving IRQ low. In 
idle mode the interrupts from chip 2 occur at half the baud rate. During diagnostic access 
in data mode, the interrupts occur at the baud rate. 


RBIE 


Receiver Baud 
Interrupt Enable 


2:E:2 


When the host processor writes a one in the RBIE control bit, the IRQ line of the 
hardware interface is driven to zero when status bit RBDA is a one. 


(None) 


Receiver 
Configuration 


1:6:0-5 


The host processor configures the receiver by writing a control code into the receiver 
configuration field in the interface memory space (see RSB). 

Receiver Configuration Control Codes 

Control codes for the modem receiver configuration are: 

Configuration Code (Hex) Receiver Configuration 

18 Bell 208/201 Auto Configuration* 
12 Bell 208A/B 

10 V.26B/Bell 201C 
22 V.27 4800 Long 
21 V.27 2400 Long 
02 V.27 4800 Short 
01 V.27 2400 Short 
15 V.26A 2400 

11 V.26 1200 

08 Tone Detector 

*When this configuration is selected, the receiver will detect a Bell 208 or 
V.26B/Bell 201 C handshake and configure itself accordingly. 

After writing the auto configuration code 18h in RCONF. the DSP will change the code 
to a 16(hex). If a Bell 208 carrier is received, the modem will auto configure itself 
accordingly and the configuration code will remain a 16(hex). However, if a Bell 201 
carrier is received, the modem will auto configure itself to Bell 201 and change the 
receiver configuration code to a 14(hex). 
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Table 7. R208/201 Interface Memory Definitions (Continued) 





Name 


Memory 
Location 


Description 


(None) 


Receiver Data 


1:0:0-7 


The host processor obtains channel data from the receiver in the parallel data mode 
by reading a data byte from the receiver data register. The data is divided on baud 
boundaries as is the transmitter data. When using receiver parallel data mode, the 
registers 1 :3 through 1 :0 can not be used for reading the chip 1 RAM. 


RPDM 


Receiver Parallel 
Data Mode 


1:7:4 


When control bit RPDM is a one, the receiver supplies channel data to the receiver data 
register (1:0) as well as to the hardware serial data output. (See Receiver Data) 


RSB 


Receiver Setup Bit 


1:E:3 


When the host processor changes the receiver configuration or the RTH field, the host 
processor must write a one in the RSB control bit. RSB goes to zero when the changes 
become effective. Worst case setup time is 2 baud times. 


RSDA 


Receiver Sample 
Data Available 


1:E:0 


Status bit RSDA goes to a one when the receiver writes data to register 1 :0. RSDA 
goes to a zero when the host processor reads data from register 1 :0. 


RSIA 


Receiver Sample 
Interrupt Active 


1:E:7 


This status bit is a one whenever the receiver sample rate device is driving IRQ to zero. 


RSIE 


Receiver Sample 
Interrupt Enable 


1:E:2 


When the host processor writes a one in the RSIE control bit, the IRQ line of the 
hardware interface is driven to zero when status bit RSDA is a one. 


RTDIS 


Receiver Training 
Disable 


1:7:0 


When control bit RTDIS is a one, the receiver is prevented from recognizing a training 
sequence and entering the training state. 


RTH 


Receiver Thresnold 
Field 


1:7:6,7 


The receiver energy detector threshold is set by the RTH field according to the following 
codes (see RSB): 

RTH RLSD On RLSD Off 

>-43dBm <-48dBm 

1 >-33dBm <-38dBm 

2 >-26dBm <-31.dBm 

3 >-16dBm <-21 dBm 


RTS 


Request-to-Send 


0:7:7 


When control bit RTS goes to a one, the modem begins a transmit sequence. It 
continues to transmit until RTS is reset to zero, and the turn-off sequence has been 
completed. This input bit parallels the operation of the hardware RTS control input. 
These inputs are ORed by the modem. 


SDIS 


Scrambler Disable 


0:7:5 


When control bit SDIS is a one, the transmitter scrambler circuit is removed from the 
data path. 


SEPT 


Short Echo 
Protector Tone 


0:7:0 


When control bit SEPT is a one, the echo protector tone is 30 ms long rather than 185 ms. 


SQH 


Receiver Squelch 


1:F:7 


When control bit SQH is set to a one, the receiver is squelched, RLSD is turned off and 
RXD is clamped to all marks. 


SWRT 


Sample Write 


1:7:3 


When control bit SWRT is a one, the RAM write operation is enabled for chip 1. 


TBA 


Transmitter Buffer 
Available 


0:E:0 


This status bit resets to zero when the host processor writes data to transmitter data 
register 0:0. When the transmitter empties register 0:0, this bit sets to a one. During a 
RAM access in chip 0, when TBA is a one the host can perform either a RAM read or 
write depending on the state of bit 0:6:3 (see Transmitter Configuration). 


TIA 


Transmitter 
Interrupt Active 


0:E:7 


This status bit is a one whenever the transmitter is driving IRQ to a zero. 


TIE 


Transmitter 
Interrupt Enable 


0:E:2 


When the host processor writes a one in control bit TIE, the IRQ line of the hardware 
interface is driven to zero when status bit TBA is at a one. 
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Table 7. R208/201 Interface Memory Definitions (Continued) 



Name 



Memory 
Location 



Description 



TLVL 



Transmitter Level 
Field 



0:4:2-4 



TOD 



TONE 



TPDM 



(None) 



Train-on-Data 



Tone Detect 



Transmitter Parallel 
Data Mode 

Transmitter 
Configuration" 



1:6:6 



1:9:2 



0:7:2 



0:6:0-7 



The transmitter analog output level is determined by eight TLVL codes, as follows: 



TLVL Transmitter Analog Output* 



TLVL Transmitter Analog Output* 






-1 dBm ±1 dB 


4 


-9 dBm ±1 dB 


1 


-3dBm ±1 dB 


6 


-11 dBm ±1 dB 


2 


-5 dBm ±1 dB 


6 


-13 dBm ±1 dB 


3 


-7 dBm ±1 dB 


7 


-15 dBm ±1 dB 



"Each step above is a 2 dB change ±0.2 dB. 

When control bit TOD is a one, it enables the train-on-data algorithm to converge the 
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still 
recognizes a training sequence and enters the force train state. A BER of approximately 
10-3 for 0.5 seconds Initiates train-on-data. 

TONE indicates with a zero the presence of energy in the 345-650 ± 10 Hz frequency 
range. For call progress purpose s, the u ser may determine which tone is present by 
determining the duty cycle of the TONE bit. 

When control bit TPDM is a one, the transmitter accepts data for transmission from the 
transmitter data register (0 : 0). When TPDM is a zero channel data from the serial hardware 
input TXD is accepted and the chip RAM access is enabled. 

The host processor configures the transmitter by writing a control byte Into the transmitter 
configuration register in its interface memory space. (See TSB.) 

Transmitter Configuration Control Codes 

Control codes for the modem transmitter configurations are: 



Configuration Code (Hex)* 


Configuration 


32 


Bell 208A/B Long 


12 


Bell 208A/B Short 


10 


V.26B/Bell 201C 


22 


V.27 4800 Long 


02 


V.27 4800 Short 


21 


V.27 2400 Long 


01 


V.27 2400 Short 


15 


V.26 2400 


11 


V.26 1200 


80 


Tone Transmit 


04 


DTMF Tone Transmit 



*Note: 

Bit 3 of the transmitter configuration register is used in the RAM access operation for 
chip (see bit TWRT). 

Configuration Definitions 

Definitions of the eight Transmitter Configurations are: 

1. Bell 208. When any of the Bell 208 configurations are selected, the modem operates 
as specified in the Bell 208A/B Standard. 

2. V.26B/Bell 201C. When V.26B/Bell 201 C is selected, the modem operates as 
specified in the V.26B/Bell 201 C Standard. RTS/CTS time is programmable. 

3. V.27. When any of the V.27 configurations are selected, the modem operates as 
specified in CCITT Recommendation V.27 ter. 

4. V.26. When any of the V.26 configurations are selected, the modem operates as 
specified in CCITT Recommendation V.26. RTS/CTS time is programmable. 

5. Tone Transmit. In this configuration, activating signal RTS causes the modem to 
transmit a tone at a single frequency specified by two registers in the host interface 
memory space containing the frequency code. The most significant bits are specified 
in the FREQM register (0:3). The least significant bits are specified in the FREQL 
register (0:2). The least significant bit represents 0.146486 Hz ±0.01%. The frequency 
generated is: f =0.146486 (256 FREQM + FREQL) Hz ±0.01%. 

6. DTMF Tone Transmit. In this configuration, activating signal RTS causes the modem 
to transmit a Dual Tone Multi-Frequency (DTMF) tone specified by the code loaded 
in the Dial Digit Register (DDR, 0:0). The twelve codes, their asspciated dial digits 
and tone pairs are as follows: 
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Table 7. R208/201 Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



(None) 



Transmitter; DDR; 
RAM Data YTL 



0:0:0-7 



TSB 



TTDIS 



TWRT 
T2 



XCEN 



Transmitter Setup 
Bit 



Transmitter Train 
Disable 



Transmitter Write 

T/2 Equalizer 
Select 



External Clock 
Enable 



0:E:3 



0:7:6 



0:6:3 
1:7:1 



0:7:1 



Dial Digit Register (DDR) 




Tone Pair 


{Hexadecimal Code 


Dial Digit 


(Hz) 


00 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


• 


941 1209 


08 


# 


941 1477 



Figure 6 shows the utilization of the DTMF Tone Transmit configuration in an auto 
dialing application. 

1. The host processor transmits data in the parallel mode by wnting a data byte to the 
transmitter data register. The data is divided on baud boundaries, as follows: 

NOTE 

Data is transmitted bit zero first 



Configuration 


Bits 


7 1 6 


5 4 3 


2 1 1 1 


Bell 208A/B 
V.27 4800 


Not Used 


Baud 1 


BaudO 


Bell 201 C, V.26, 
V.27 2400 


Baud 3 


Baud 2 


Baud 1 


BaudO 



2. Register 0.0 is used to transmit DTMF digits when the transmitter is configured in 
the DTMF tone transmit mode. 

3. Register 00 is a RAM data register used for reading or writing the least significant 
byte of the 16-bit Y word in Chip when TPDM is a zero and no tone or DTMF tone 
transmission is occurring. 

When the host processor changes the transmitter configuration, the host must write a 
one in this control bit. TSB goes to a zero when the change becomes effective. Worst 
case setup time is 2 baud + turnoff sequence + training (if applicable). 

When control bit TTDIS is a one, the transmitter does not generate a training sequence 
at the start of transmission. With training disabled, RTS/CTS delay is less than two 
baud times. 

When control bit TWRT is a one, the RAM write operation is enabled for chip 0. 

When control bit T2 is a one, an adaptive equalizer with two taps per baud is used. 
When T2 is a zero, the equalizer has one tap per baud. The total number of taps 
remains the same for both cases. 

When control bit XCEN is a one, the transmitter timing is established by the external 
clock supplied at the hardware input XTCLK, pin 22A. The clock appearing at the 
XTCLK input will appear at the TDCLK output. 
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Tabled. RAM Access Codes 










X Access 


Y Access 










Code 


Code 




No. 


Function 


Chip 


(Hex) 


(Hex) 


Register 


1 


DTMF Low Frequency 
Amplitudei 





— 


88 


0,1 


2 


DTMF High Frequency 
Amplitude^ 





— 


08 


0.1 


3 


InterdigitDelayi 




— 


89 


0.1 


4 


DTMF Tone Durationi 




— 


09 


0.1 


5 


Received Signal Samples 




CO 


Not Used 


2.3 


6 


Demodulator Output 




D3 


53 


0.1.2.3 


7 


Low Pass Filter Output 




D4 


54 


0.1.2.3 


8 


Average Energy 




DC 


Not Used 


2.3 


9 


AGO Gain Word 




81 


Not Used 


2.3 


10 


Equalizer Input 


2 


CO 


40 


0.1.2,3 


11 


Equalizer Tap Coefficients 


2 


81 -AO 


01-20 


0.1.2.3 


12 


Unrotated Equalizer 












Output 


2 


El 


61 


0.1.2.3 


13 


Rotated Equalizer Output 
(Received Points) 


2 


A2 


22 


0.1,2.3 


14 


Decision Points 
Ideal Points 


2 


E2 


62 


0,1,2,3 


15 


Error 


2 


E3 


63 


0,1.2,3 


16 


Rotation Angle 


2 


Not Used 


00 


0.1 


17 


Frequency Correction 


2 


AA 


Not Used 


2.3 


18 


EQM 


2 


A7 


Not Used 


2.3 


19 


Dual Point 


2 


AE 


2E 


0.1.2,3 


20 


Unscrambled 
Synchronizing Segment 





— 


93 


0.1 


21 


Scrambled 
Synchronizing Segment 





— 


13 


0.1 



Bell 2010 and V.26 Programmable Turn-On Sequence 

The turn-on sequence for Bell 2010 and V.26 modes is com- 
posed of two segments. The first segment consists of unscram- 
bled mark. The second sequence consists of scrambled mark. 
The segments may be independently programmed for a desired 
length of time. 

When Bell 201 C or V.26 mode is chosen, the default RTS-CTS 
delay is 26.6 ms of unscrambled mark and no scrambled seg- 
ment. If using only the unscrambled segment, DDIS and SDIS 
must be set to a 1 . 

RTS-CTS delay = (unscrambled + scrambled) baud times ± 1 
baud time) 

1 baud time = 1/1200 = 0.833 ms 

Total minimum time recommended = 15 ms. 
Total maximum time = 900 ms. 

Turn-on word = (time In ms / 0.833) - 1, convert to hex and 
subtract from FFFF. Write this value into registers 1 & of chip 0. 

For example, for a RTS-CTS delay of 150 ms: 

(160/0.833) - 1 = 179 (decimal) = B3(hex), FFFF - B3 
=» FF4C 

Write FF into register 1 and write 4C into register using the 
appropriate access code listed in Table 8. (See Interface memory 
section for RAM Write procedure.) 

Note: When using both unscrambled and scrambled segments, 
the unscrambled segment should be limited to 10 ms or less for 
compatibility with existing V.26 modems. 

Auto Dial Sequence 

The Figure 6 flowchart defines the auto dial sequence via the 
microprocessor interface memory. The modem timing for the 
auto dialer accounts for DTMF tone duration and interdigit delay. 
The default tone duration is 95 ms and the default interdigit delay 
is 71 ms. The default amplitudes for the high and low frequencies 
are - 4 dBm and - 6 dBm, respectively. The above four parame- 
ters can be changed by performing a RAM write. 
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Figure 6. R208/201 Auto Dial Sequence 
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PERFORMANCE 



TYPICAL PHASE JITTER 



TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of -20 dBm as 
illustrated. 

Typical BER performance is shown in Figure 7. The BER curves 
shown in Figure 7 were prepared from data obtained using a TAS 
1010 test system. 



At 2400 bps, the modem exhibits a bit error rate of 10"® or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15° 
peak-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio 
of 15 dB in the presence of 30° peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 

At 4800 bps, the modem exhibits a bit error rate of 10"® or less 
with a signal-to-noise ratio of 19 dB in the presence of 15° peak- 
to-peak phase jitter at 60 Hz. 
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Figure 7. R208/201 BER versus SNR 
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GENERAL SPECIFICATIONS 



Table 9. Modem Power Requirements 



Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ 0°C 


+ 5Vdc 
+ 12Vdc 
-12Vdc 


±5% 
±5% 
±5% 


550 mA 

5 mA 

25 mA 


700 mA 
10 mA 
50 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Table 10. Modem Environmental Restrictions 



Parameter 



Specification 



Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 



0°C to +60°C (32° F to 140°F) 

-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 

-200 feet to +10,000 feet 



Table 1 1 . Modem Mechanical Considerations 



Parameter 


Specification 


DIN Connector Version 




Board Structure: 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. The 




modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 64-pin DIN 




vertical male or 64-pin DIN vertical female. 


Mating Connector- 


Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical receptacle: 




Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent. 


Dimensions: 




Width 


3.94 in. (100 mm) 


Length 


4.725 in. (120 mm) 


Connector Height 


0.437 in. (11.1 mm) 


Component Height 




Top (max.) 


0.300 in (7.6 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max): 


3.6oz.(100g) 


Lead Extrusion (max.): 


0.100 in. (2.54 mm) 


DIP Connector Version 




Board Structure: 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 




Width 


3.228 in. (82 mm) 


Length 


3.937 in. (100 mm) 


Component Height 




Top (max.) 


0.300 in. (7.6 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max.): 


3.6 0Z. (lOOg) 


Pin Length (max.) 


0.53 in. (13.5 mm) 


Micromodem Version 




Board Structure: 


Single PC board with 60 pins in a dual in-line pin configuration. Row 1 has 29 pins (pins 1 through 30 




with pin 15 deleted for keying). Row 2 has 31 pins (pins 31 through 61 with pin 31 offset from pin 1 for 




keying). 


Dimensions: 




Width 


2.559 in. (65 mm) 


Length 


3.937 in. (100 mm) 


Component Height 




Top (max.) 


0.300 in (7.6 mm) 


Bottom (max.) 


0.100 in. (2.54 mm) 


Weight (max.): 


2.5 oz. (70 g)) 


Pin Length (max.) 


0.433 in. ±0.015 in. (11.0 ±0.4 mm), gold plated 
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3.937 
(100) 
3.700 
(94) 



0.156 ±0.003 DIA (6 PL) 
(3.96) 



MALE 64-PiN 
DIN CONNECTOR 



0.119 

(3) ~] 



3.275 



4.100 



(83) 



I 



0.300 MAX 
(7.6) 



4.725 
(120) 



(104) 



0.496 



(12.6) 



0.483 
(12.3) 





0.437 
["(11.1) 



0.130 MAX t 
(3.3) 
COMPONENT AREA 



3.228 
(82) 



3.025 
(76.8) 



0.100 
(2.54) 

0.100 -» 

(2.54) 



DIN CONNECTOR VERSION 

0.300 MAX 
" (7.6) 

DOOOOOOOOOOOOOOOOOOOOOOOOOOlj) 



)200( H )99oooooo9ooooooooqoooood)o— 



-► ^ 0.100 (TYP.) 



(2.54) 



3.725 



3.937 



(94.6) 



SEE TABLE 11. 



(100) 
0.025 Sa PIN 
(0.64) (61 PL) 



0.098 DIA (3 PL) 
(2.5) 



jLl 



t 0.075 
(1.9) 



0.300 




UNITS: 



INCHES 



).130 
(3.3) 
-COMPONENT AREA 
DIP CONNECTOR VERSION (NORMAL SIZE) 



Figure 8. R208/201 Modem Dimensions and Pin Locations 
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2.559 
(65) 



0.087 
(2.2) 

UJ 



0.075 
(1.9) 



2.400 REF 
(61) 



2.484 
(63.1) 



3.937 REF 



3.850 



(100) 



(98.8) 



3.775 REF 



(95.9) 



0.325 
(8.26) 



ooooooooooooooooooooooooooooooo 



P31 



\, 



P61 



PINS 



29 PINS 
(PIN 15 MISSING FOR KEYING) 



UNITS: INCHES 
mm 




MOUNTING HOLES 
3 PLACES 

0.63 + 0.003, -0.001 
(16) 



- PIN HEIGHT 
ABOVE PCB 
(SEE TABLE 19) 



COMPONENT AREA 



MiCROMODEM VERSION 



Figure 8. R208/201 Modem Dimensions and Pin Locations (Continued) 
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INTRODUCTION 

The Rockwell R96DP is a synchronous 9600 bits per second 
(bps) modeni. It is designed for operation over the public 
switched telephone network (PSTN) as well as leased lines 
through the appropriate line termination. 

The modem satisfies the telecommunications requirements 
specified in CCITT recommendations V.29 and V.27 bis/ten The 
R96DP can operate at speeds of 9600, 7200, 4800, and 
2400 bps. Employing advanced signal processing techniques, 
the R96DP can transmit and receive data even under extremely 
poor line conditions. 

The R96DP Is designed for use in point-to-point environments. 
User programmable features allow the modem operation to be 
tailored to support a wide variety of functional requirements. The 
modem's small size, low power consumption, and serial/parallel 
host interface simplify system design and allow installation in a 
compact enclosure. The modem module is available with a DIN 
connector for connection to a mating connector or with dual-in- 
line pins (DIP) for direct plug-in installation onto a host module. 



FEATURES 

• CCITT V.29, V.27 bis/ter Compatible 

• Point-to-Point Applications 

• 2-Wire Half-Duplex, 4-Wire Full-Duplex 

• Programmable Tone Generation 

• Programmable DTMF Tone Dialer 

• Dynamic Range: -43dBmto0dBm 

• Equalization 

— Automatic Adaptive 

— Compromise Cable and Link (Selectable) 

• DTE Interface 

— Functional: CCITT V24 (RS-232-C)(Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL and CMOS Compatible 

• Diagnostic Capability 

• Programmable Transmit Output Level 

• Loopbacks 

— Local and Remote Analog 

— Remote Digital 

• Small Size 

— DIN Connector Version: 

100 mm X 120 mm (3.94 in. x 4.73 in.) 

— DIP Connector Version: 

82 mm x 100 mm (3.23 in. x 3.94 in.) 

• Power Consumption: 3 W (Typical) 





R96DP DIN Connector Version 



R96DP DIP Connector Version 



Document No. 29200N07 



Data Sheet 
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TECHNICAL SPECIFICATIONS 



TRANSMITTER CARRIER FREQUENCIES 

The transmitter carrier frequencies supported by the R96DP are 
listed in Table 1 . 

Table 1 . Transmitter Carrier Frequencies 



Function 


Frequency 
(Hz ±0.01%) 


V.27 bis/ter Carrier 
V.29 Carrier 


1800 
1700 



TONE GENERATION 

Under control of the host processor, the R96DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 
DTMF tone transmission capability is provided to allow the 
modem to operate as a programmable DTMF tone dialer. 

SIGNALING AND DATA RATES 

The signaling and data rates supported by the R96DP are listed 
in Table 2. 

Table 2. Signaling/Data Rates 





Baud Rate 


Bits Per 


Data Rate 


Symbol 


Specification 




Baud 


(bps)(±0.01%) 


Points 


V.29 


2400 


4 


9600 


16 


V.29 


2400 


3 


7200 


8 


V29 


2400 


2 


4800 


4 


V27 


1600 


3 


4800 


8 


V.27 


1200 


2 


2400 


4 



DATA ENCODING 

The R96DP data encoding conforms to CCITT recommenda- 
tions V.29 and V.27 bis/ter. 

EQUALIZERS 

The R96DP provides equalization functions that improve per- 
formance when operating over low quality lines. 

Cable Equalizers — Selectable compromise cable equalizers in 
the receiver and transmitter are provided to optimize performance 
over different lengths of non-loaded cable of 0.4 mm diameter. 

Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-link. 

Automatic Adaptive Equalizer ~ An automatic adaptive equal- 
izer Is provided in the receiver circuit. The equalizer can be con- 
figured as either a T or a T/2 equalizer. 

TRANSMITTED DATA SPECTRUM 

If the cable equalizer is not enabled, the transmitter spectrum is 
shaped by the following raised cosine filter functions: 

1 . 7200 Baud. Square root of 90 percent 



2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 

The out-of-band transmitter power limitations meet those speci- 
fied by Part 68 of the FCC's rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The R96DP incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 bis/ 
ter or V.29 depending on the selected configuration. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R96DP can adapt to received fre- 
quency error of up to ± 10 Hz with less than 0.2 dB degradation in 
BER performance. 

RECEIVE LEVEL 

The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from dBm to 
-43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

TRANSMIT LEVEL 

The transmitter output level is accurate to ± 1 .0 dB and is pro- 
grammable from - 1 .0 dBm to - 15.0 dBm in 2 dB steps. 

TRAIN ON DATA 

When train on data is enabled, the receiver typically trains on 
data in less than 15 seconds for V.29 and 3.5 seconds for V.27. 

TURN-ON SEQUENCE 

Selectable turn-on sequences can be generated as defined in 
Table 3. 

Table 3. Turn-On Sequences 




Specification 


RTS-CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector* 
Tone Enabled 


V.29 (All data rates) 
V27 4800 bps long 
V27 4800 bps short 
V27 2400 bps long 
V27 2400 bps short 


253 ms 
708 ms 

50 ms 
943 ms 

67 ms 


438 ms 
913 ms 
255 ms 
1148 ms 
272 ms 


* For short echo protector tone, subtract 155 ms from RTS-CTS 
turn-on time 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, the 
turn-off sequence consists of approximately 5 ms of remaining 
data and scrambled ones. 

CLAMPING 

Received Data (RXD) is clamped to a constant mark (one) when- 
ever the Received Line Signal Detector (RLSD) is off. 
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MODEM OPERATION 

Because the modem is implemented in firmware executed by a 
specialized computer (the signal processor), operation can best 
be understood by dividing this section into hardware circuits and 
software circuits. Hardware circuits include all pins on the 
modem connector. Software circuits include configuration, con- 
trol (soft strapping), status, and RAM access routines. 

HARDWARE CIRCUITS 

The functional interconnect diagram (Figure 1) shows the 
modem connected Into a system. In this diagram, any point that 
is active when exhibiting the relatively more negative voltage of a 
two voltage system (e.g., Vdc for TIL or -12 Vdc for 
RS-232-C) is called low active and is represented by association 
with a small circle at the signal point. The particular voltage lev- 
els used to represent the binary states do not change the logic 
symbol. Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or open- 
drain) outputs. These signal points include the additional nota- 
tion of a small triangle or a small half-circle (see signal IRQ), 
respectively. Active low signals are named with an overscore 
(e.g., POR). In deciding whether a clock output is high active or 
low active, the convention followed is to assume that the clocking 
(activating) edge appropriate to the host hardware is a transition 
from the clocks active to its inactive state (i.e., a trailing edge 
trigger). A clock intended to activate logic on its rising edge is 
called low active while a clock intended to activate logic on its 
falling edge is called high active. When a clock input is associ- 
ated with a small circle, the input activates on a falling edge. If 
no circle is shown, the input activates on a rising edge. 



The interconnect signals on Figure 1 are organized into six groups 
of modem operation: overhead signals, V.24 interface signals, 
microprocessor interface signals, diagnostic signals, analog sig- 
nals, and ancillary signals. Table 4 lists these groups along with 
their corresponding connector pin numbers. The six groups of hard- 
ware circuits are described in the following paragraphs. Table 5 lists 
the digital interface characteristics. 

POWER-ON RESET 

Basic modem operation can be understood most easily by begin- 
ning with the modem configured to default conditions. When the 
modem is initially energized a signal called Power-On-Reset 
(POR) causes the modem to assume a valid operational state. 
The modem drives POR to ground during the beginning of the 
POR se quen ce. Approximately 1 ms after the low to high transi- 
tion of POR, the modem is ready for normal use. The POR 
sequence is reinitiated anytime the +5V supply drops below 
+ 3.5V for more than 30 ms, or an external device drives POR 
low f or at least 3 iis. When an external low input is applied to 
POR, the modem is ready for nor mal us e approximately 10 ms 
after the low input is removed. POR is not driven low by 
the modem when the POR sequence is initiated externally. In ail 
cases, the POR sequence requires 50 ms to 350 ms to com- 
plete. The R96DP POR sequence leaves the modem configured 
as follows: 

• 9600 bps 

• Serial channel data 

• T/2 equalizer 

• Standard echo protector tone 

• - 43 dBm threshold 

• Cable and link equalizers disabled 

• Train-On-Data disabled 
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Figure 1 . R96DP Functional Interconnect Diagram 
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Table 4. R96DP Hardware Circuits 







DIN 


DIP2 




Name 


Typei 


Pin No. 


Pin No. 


Description 


A. OVERHEAD: 


Ground (A) 


AGND 


31C.32C 


30,31 


Analog Ground Return 


Ground (D) 


DGND 


3C,8C, 
5A.10A 


29.37,53 


Digital Ground Return 


+ 5 volts 


PWR 


190,230, 
260,300 


1,45,61 


+ 5 volt supply 


+ 12 volts 


PWR 


15A 


32 


+ 12 volt supply 


-12 volts 


PWR 


12A 


36 


-12 volt supply 


POR 


I/OB 


130 


2 


Power-on-reset 


B. MICROPF 


^OCESSC 


>R INTERF 


ACE: 


D7 


l/OA 


10 


3 


-% 


D6 


l/OA 


1A 


4 




D5 


l/OA 


20 


5 




D4 


l/OA 


2A 


6 


- Data Bus (8 Bits) 


D3 


l/OA 


3A 


7 




D2 


l/OA 


40 


8 




D1 


l/OA 


4A 


9 




DO 


l/OA 


50 


10 


J 


RS3 


lA 


60 


16 


- 


RS2 


lA 


6A 


17 


Register Select 


RSI 


lA 


70 


18 


(4 Bits) 


RSO 


lA 


7A 


19 


. 


CSO 


lA 


100 


20 


Chip Select 
Transmitter Device 


CS1 


lA 


90 


21 


Chip Select Receiver 










Sample Rate Device 


CS2 


lA 


9A 


13 


Chip Select Receiver 
Baud Rate Device 


READ 


lA 


120 


14 


Read Enable 


WRITE 


lA 


11A 


12 


Write Enable 


IRQ 


OB 


110 


11 


Interrupt Request 







DIN 


DIP2 




Name 


Typei 


Pin No. 


Pin No. 


Description 


C. V.24 INTERFACE: 


RDCLK 


00 


21A 


23 


Receive Data Clock 


TDOLK 


00 


23A 


46 


Transmit Data Clock 


XTCLK 


IB 


22A 


51 


External Transmit Clock 


RTS 


IB 


25A 


50 


Request-to-Send 


OTS 


00 


250 


49 


Olear-to-Send 


TXD 


IB 


240 


48 


Transmitter Data 


RXD 


00 


220 


26 


Receiver Data 


RLSD 


00 


24A 


27 


Received Line Signal 
Detector 


D. ANCILLARY CIRCUITS: 


RBCLK 


00 


26A 


22 


Receiver Baud Clock 


TBCLK 


00 


270 


47 


Transmitter Baud Clock 


E. ANALOG SIGNALS: 


TXA 


AA 


31A 


34 


Transmitter Analog Output 


RXA 


AB 


32A 


33 


Receiver Analog Input 


AUXIN 


AO 


30A 


— 


Auxiliary Analog Input 


F. DIAGNOSTIC: 


EYEX 


00 


150 


56 


Eye Pattern Data— X Axis 


EYEY 


00 
OA 


14A 
140 


55 
57 


Eye Pattern Data— Y Axis 
Eye Pattern Clock 


EYEOLK 


EYESYNC 


OA 


13A 


58 


Eye Pattern Synchronizing 
Signal 


Notes: 






1 . Refer to Table 5 for digital circuit interface characteristics and 


Table 7 for analog circuit interface characteristics. 


2. Pins not used on the DIP Version: 15, 24, 25, 28, 35, 38, 39, 


40, 41, 42, 43, 44, 52, 54, 


59,60 




3. Unusd inputs tied to +5V 


or ground require individual 10K Q 


series resistors. 













Table 5. Digital interface Characteristics 








Symbol 


Parameter 


Units 


Input/Output Type | 


lA 


IB 


IC 


OA 


08 


OC 


l/OA 


I/OB 


V|H 


Input Voltage, High 


V 


2.0 Min. 


2.0 Min. 


2.0 Min. 








2.0 Min. 


5.25 Max. 
2.0 Min. 


V,L 


Input Voltage, Low 


V 


0.8 Max. 


0.8 Max. 


0.8 Max. 








0.8 Max. 


0.8 Max. 


VoH 


Output Voltage, High 


V 








2.4 Min.i 






2.4 Min.1 


2.4 Min.3 


Vol 


Output Voltage, Low 


V 








0.4 Max.2 


0.4 Max.2 


0.4 Max.2 


0.4 Max.2 


0.4 Max.5 


i|N 


Input Current, Leakage 


mA 


±2.5 Max. 












±2.5Max.4 




loH 


Output Current, High 


mA 








-0.1 Max. 










loL 


Output Current, Low 


mA 








1.6 Max. 


1.6 Max. 


1.6 Max. 






'l 


Output Current, Leakage 


/iA 










±10 Max. 








Ipu 


Pull-up Current 
(Short Circuit) 


A^A 




-240 Max. 
-10 Min. 


-240 Max. 
-10 Min. 






-240 Max. 
-10 Min. 




-260 Max. 
-100 Min. 


Cl 


Oapacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open-Drain 
w/Pull-up 


3-State 
Transceiver 


Open-Drain 
w/Pull-up 




1. 1 Load = -1 

2. ILoad = 1.6 


00 /*A 
mA 


3. 
4. 


Notes 

1 Load - -40 nA 

V|N = 0.4 to 2.4 Vdc, Vcc 


5. 
= 5.25 Vdc 


1 Load = 0. 


36 mA 
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This configuration is suitable for performing high speed data 
transfer using the serial data port. Individual features are dis- 
cussed in subsequent paragraphs. 

V.24 INTERFACE 

Eight hardware circuits provide timing, data, and control signals for 
implementing a serial interface compatible with CCITT Recommen- 
dation V.24. These signals interface directly with circuits using TTL 
logic levels (OV, + 5V). These TTL levels are suitable for driving the 
short wire lengths or printed circuitry normally found within stand- 
alone modem enclosures or equipment cabinets. For driving longer 
cables, the voltage levels and connector arrangement recom- 
mended by EIA standard RS-232-C are preferred. 

The sequence of events leading to successful data transfer from 
transmitter to receiver is: 

1 . The transmitter is activated and a training sequence is sent. 

2. The receiver detects channel energy above the prescribed 
threshold level and synchronizes its operation to the 
transmitter. 

3. Data transfer proceeds to the end of the message. 

4. The transmitter turns off after insuring that all data has had 
time to be recovered at the receiver output. 

Transmitted Data (TXD) 

The modem obtains serial data from the local DTE on this input. 

Received Data (RXD) 

The modem presents received data to the local DTE on this 
output. 

Request To Send (RTS) 

RTS ON allows the modem to trans mit d ata on TXD when CTS 
becomes active. The responses to RTS are shown in Table 6. 

Clear To Send (CTS) 

CTS ON indicates to the terminal equipmen t that the modem will 
transmit any data which are pr esent on TXD. CTS response times 
from an ON condition of RTS are shown in Table 6. 

The time bet ween the on-to-off transition of RTS and the on-to-off 
transition of CTS in data state is a maximum of 2 band times for 
all configurations. 

Table 6. RTS-CTS Response Times 



Specification 


RTS-CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector* 
Tone Enabled 


V.29 (All data rates) 
V.27 4800 bps long 
V27 4800 bps short 
V27 2400 bps long 
V.27 2400 bps short 


253 ms 
708 ms 

50 ms 
943 ms 

67 ms 


438 ms 
913 ms 
255 ms 
1148 ms 
272 ms 


* For short echo protector tone, subtract 155 ms from RTS-CTS 
turn-on time. 



Received Line Signal Detector (RLSD) 

For V.27 bis/ter or V.29, RLSD turns on at the end of the training 
sequence. If training is not detected at the receiver, the RLSD off- 
to-on response time is 15 ± 10 ms. The RLSD on-to-off response 
time for V.27 is 10 ±5 ms and for V.29 is 30 ±9 ms. Response 
times are measured with a signal at least 3 dB above the actual 
RLSD on the threshold or at least 5 dB below the actual RLSD off 
threshold. 

The RLSD on-to-off response time ensures that all valid data bits 
have appeared on RXD. 

Four threshold options are provided: 

1 . Greater than - 43 dBm (RLSD on) 
Less than - 49 dBm (RLSD off) 

2. Greater than - 33 dBm (RLSD on) 
Less than - 38 dBm (RLSD off) 

3. Greater than - 26 dBm (RLSD on) 
Less than - 31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD on) 
Less than - 21 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the 
received signal is less than - 43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold level and 
hysteresis action are measured with an unmodulated 2400 Hz 
tone applied to the receiver's audio input (RXA). 

Transmit Data Clock (TDCLK) 

The modem provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, or 
2400 Hz (±0.01%). 

2. Duty Cycle. 50 ±1%. 

TDCLK is provided to the user in synchronous communications 
for USRT timing. In this case Transmit Data (TXD) must be stable 
during the one jus periods Immediately preceding and following 
the rising edge of TDCLK. 

External Transmit Clock (XTCLK) 

In synchronous communication where the user needs to supply 
the transmit data clock, the input XTCLK can be used. The clock 
supplied at XTCLK must exhibit the same characteristics of 
TDCLK. The XTCLK input is then reflected at TDCLK. 



Receive Data Clock (RDCLK) 



The modem provides a Receive Data Clock (RDCLK) output in 
the form of a 50 ±1% duty cycle squarewave. The low-to-high 
trans itions of this output coincide with the center of received data 
bits. RDCLK is provided to the user in synchronous communi- 
cations for USRT timing. The timing recovery circuit is capable of 
tracking a ± .01 % frequency error in the associated transmit tim- 
ing source. 
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MICROPROCESSOR INTERFACE 

Eight hardware circuits provide address, data, control, and inter- 
rupt signals for implementing a parallel interface compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means of 
soft strappable control bits and modem status bits. The signifi- 
cance of the control and status bits and methods of data inter- 
change are discussed in a later section devoted to software cir- 
cuits. This section describes the operation of the interface from a 
hardware standpoint. 

Chip Select (CS0-CS2) and 
Register Selects (RS0-RS3) 

The signal processor to be accessed i s sel e cted by grounding 
one of three unique chip select lines, CS2, CS1 or CSO. The 
selected chip decodes the four address lines, RS3 through RSO, 
to select one of sixteen internal registers. The most significant 
address bit (2^) is RS3 while the least significant address bit (2°) 
Is RSO. Once the address bits have been decoded, the selected 
register can be read from or written into via an 8-bit parallel data 
bus, D7 through DO. The most significant data bit (2^) is D7 while 
the least significant data bit (2^) is DO. 

Read Enable ( READ) and 
Write Enable (WRITE) 

Reading or writing is activated by pulsing either the READ line 
high or the WRITE line low. During a read cycle, data from the 
selected register is gated onto the data bus by means of three- 
state drivers. These drivers force the data lines high for a one bit 
or low for a zero bit. When not being read, the three-state drivers 
assume their off, high-impedance, state. During a write cycle, 
data from the data bus is copied into the selected register, with 
high and low bus levels representing one bits and zero bits, 
respectively. The timing required for correct read/write cycles js 
illustrated in Figure 2. Logic necessary to convert the single R/W 
out put from a 65XX series microprocessor to the separate READ 
and WRITE signals required by the modem is shown in Figure 3. 



Interrupt Request (IRQ) 

The final signal on the microprocessor interface is Interrupt 
Request (IRQ). This signal may be connected to the host micro- 
processor interrupt request input in order to int errup t host pro- 
gram execution for modem service. The use of IRQ is optional 
and the method of software implementation is described in a 
subsequent section, Software Circuits. The IRQ output structure 
is an open-drain field-effect-transistor (FET). This form of output 
allows IRQ to be connected in parallel to other sources of inter- 
rupt. Any of these sources can drive the host interrupt input low, 
and the interrupt servicing proce ss continues until all interrupts 
have been cleared and all IRQ sources have returned to their 
high impedance state. Because of the open-drain structure of 
IRQ, an ext ernal pull-up resistor to -i-5 volts is required at some 
point on the IRQ line. The resistor value should be small enough 



to pull the IRQ line high when all IRQ drivers are off (i.e., it must 
overcome the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a lev el acc eptable 
to each driver For the case where only the modem IRQ driver is 
used, a resistor value of 5.6K ohms ±20%, 0.25 watt, is 
sufficient. 

ANALOG SIGNALS 

The analog signal characteristics are described in Table 7. 

Table 7. Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 

AUXIN 


AA 
AB 

AC 


The transmitter output Is 604 ohms ±1%. 

The receiver Input Impedance is 60K ohms 
±23%. 

The auxiliary analog input allows access to the 
transmitter for the purpose of interfacing with 
user provided equipment. Because this is a 
sampled data input, any signal above 4800 Hz 
will cause aliasing errors. The input impedance 
is IK ohms, and the gain to transmitter output is 
the TLVL setting +0.6 dB - 1.4 dB. 




Transmitter Analog (TXA) 

The TXA line is an output suitable for driving an audio trans- 
former or data access arrangement for connection to either 
leased lines or the public switched telephone network. The out- 
put structure of TXA is a low impedance amplifier in series with 
an internal 604 ohm ±1% resistor to match a standard tele- 
phone load of 600 ohms. 

Receiver Analog (RXA) 

RXA is an input to the receiver from an audio transformer or 
data access arrangement. The input impedance is nominally 
60K ohms but a factory select resistor allows a variance of 23%. 
The RXA input must be shunted by an external resistor in order to 
match a 600 ohm source. A 604 ohm ±1% resistor is 
satisfactory. 

Some form of transient protection for TXA and RXA is recom- 
mended when operating directly into a transformer. This protec- 
tion may take the form of back-to-back zener diodes across the 
transformer or a varistor across the transformer. 

Auxiliary Input (AUXIN) 

AUXIN provides a means of inserting audio signals into the 
modem output stage. Because this input is summed with the 
transmitter output prior to the transmitter low pass filter and com- 
promise equalizers, the AUXIN signal is sampled by a compen- 
sated sample-and-hold circuit at a rate of 9600 samples-per- 
second. Any signal above 4800 Hz on the AUXIN line will be 
aliased back into the passband as noise. One application for 
AUXIN is to inject dual-tone multifrequency (DTMF) touch-tone 
signals for dialing, however, the source of these tones must be 
well filtered to eliminate components above 4800 Hz. The input 
impedance of AUXIN is 1 K ohm. The gain from AUXIN to TXA is 
the same as the selected transmit level + 0.6 dB - 1 .4 dB. 
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READ 



WRITE 



TCS- 



CSi \ 
= 0,1) \ 



TCS-* 



RSi . 
(i = 0-3) '. 



WRITE 



READ 



TDA-* -•- -► 



r^ 



h- TCH TCS *- 



-^TCHTCS-^ 



>^ 



*-TWR 



-^TDH 



-"^O — c.^ 



TWDH-H 



r 



^TCH 



♦TCH 



-•-TWOS 



Characteristic 


Symbol 


Min 


IMax 


Units 


CSi, RSi setup time prior 










to Read or Write 


TCS 


30 


— 


ns 


Data access time after Read 


TDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSI, RSi hold time after 










Read or Write 


TCH 


10 


— 


ns 


Write data setup time 


TWDS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


TWR 


75 


— 


ns 



Figure 2. Microprocessor Interface Timing Diagram 
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Figure 3. R/W to READ WRITE Conversion Logic 
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DIAGNOSTIC SIGNALS 

EYEX, EYEY, EYECLK, and EYESYNC 

Four card edge connections provide the timing and data neces- 
sary to create an oscilloscope quadrature eye pattern. The eye 
pattern is simply a display of the received baseband constella- 
tion. By monitoring this constellation, an observer can often iden- 
tify common line disturbances as well as defects in the modulation/ 
denfKXiulation process. 

The outputs EYEX and EYEY provide two serial bit streams con- 
taining data for display on the oscilloscope X axis and Y axis, 
respectively. Since this data is in serial digital form it must first be 
converted to parallel digital form by two serial-to-parailei con- 
verters and then to analog form by two D/A converters. A clock 
for use by the serial-to-paraliel converters is furnished by signal 
EYECLK. A strobe for loading the D/A converters is furnished by 
signal EYESYNC. Timing of these signals is illustrated in Fig- 
ure 4. The EYEX and EYEY outputs furnish 9-bit serial words. 
Since most serial to parallel conversion logic is designed for 8-bit 
words, an extra storage flip-flop is required for 9-bit resolution. 
However, the ninth bit is not generally needed for eyepattern gen- 
eration, and eight -bit hardw are can be used if data is copied on 
the rising edge of EYECLK rather than the falling edge. 



ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Two clock signals called TBCLK and RBCLK are provided at the 
modem connector These signals have no counterpart in the V.24 



EYESYNC 



EYECLK 



-TLTl 



EYEX, 
EYEY 



wnDciYiiJczyL 



MSB 



LSB 



Figure 4. Eye Pattern Timing 



or RS-232 recommendations since they mark the baud interval 
for the transmitter and receiver rather than the data rate. The 
baud clocks can be useful in identifying the order of data bits in a 
baud (e.g., for multiplexing data, etc.). Both signals are high 
active, meaning the baud boundaries occur on falling edges. The 
first bit in each baud begins with the falling edge of the corres- 
ponding baud clock. 

SOFTWARE CIRCUITS 

Operation of the microprocessor interface circuits was described 
in the hardware section from the standpoint of timing and load/ 
drive characteristics. In this section, operation of the microproc- 
essor interface is described from a software standpoint. 

The modem is implemented in firmware running on three special 
purpose signal processors. These signal processors share the 
computing load by performing tasks that are divided into areas. 
These areas are partitioned into transmitter, baud rate, and sam- 
ple rate devices. 

INTERFACE l\AEIVIORY 

Each signal processor can communicate with the host processor 
by means of a specialized, dual-port, scratch-pad memory called 
interface memory. A set of sixteen 8-blt registers, labeled regis- 
ter through register F, can be read from or written into by either 
the host processor or signal processor. The host communicates 
via the microprocessor interface lines shared between the two 
signal processors. The signal processor communicates via its 
Internal I/O bus. Information transfer from SP RAM to interface 
memory is accomplished by the signal processor logic unit mov- 
ing data between the SP main bus and the SP I/O bus. Two of the 
16 addressable interface memory registers (i.e., register and 
register E) have unique hardware connections to the interrupt 
logic. It is possible to enable a bit in register E to cause an inter- 
rupt each time it sets. This interrupt can then be cleared by a read 
or write cycle from the host processor to register 0. This opera- 
tion is discussed in detail later in this section. 

Memory maps of the 48 addressable registers in the modem are 
shown in Figure 5. These registers may be read or written on any 
host read or write cycle, but all eight bits of that register are 
affected. In order to read a single bit or a group of bits in a register, 
the host processor must mask out unwanted data. When writing 
a single bit or group of bits in a register the host processor must 
perform a read-modify-write operation. That is, the entire register 
is read, the necessary bits are set or reset in the accumulator of 
the host, then the original unmodified bits and the modified bits 
are written back into the register of the interface memory. 

Table 8 defines the individual bits in the interface memory. In the 
Table 8 descriptions, bits in the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by Y (0 or 
1 ), the register number by Z (0 through F), and the bit number by 
Q (0 through 7, with = LSB). 
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Transmitter Interface Memory Chip (CSO) 



ReglsteN^ 


7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS T 


E 


TIA 


- 


- 


- 


TSB 


TIE 


- 


TBA 


D 


- 


- 


— 


- 


- 


- 


— 


- 


C 


- 


- 


— 


- 


- 


- 


— 


- 


B 


- 


- 


- 


- 


— 


-* 


— 


- 


A 


- 


- 


- 


- 


- 


- 


- 


- 


9 


- 


- 


— 


- 


— 


- 


— 


- 


8 


- 


- 


— ' 


- 


- 


- 


— 


- 


7 


RTS 


TTDIS 


SDIS 


MHLD 


EPT 


TPDM 


XCEN 


SEPT 


6 


TRANSMITTER CONFIGURATION 


5 


- 


- 


CEQ 1 LAEN 1 LDEN 


A3L 


D3L 


4 


L3ACT 


L4ACT 


L4HG 1 TLVL 


L2ACT 


LCEN 


3 


FREQM 


2 


FREQL 


1 


RAM DATA YTM 





RAM DATA YTL; TRANSMITTER DATA, DDR 


% 


7 


6 


5 


4 


3 


2 


1 





(—) Indicates reserved for modem use only. 


Receiver interface IMemory Chip 1 (CS1) 


^\^ Bit 
ReglsteiN. 


7 


6 


5 


4 


3 


2 


1 





F 


- 


— 


- 


— 


_ 


^ 


— 


- 


E 


RSIA 


- 


- 


- 


RSB 


RSIE 


- 


RSDA 


D 


- 


- 


- 


- 


— 


- 


' — 


- 


c 


- 


- 


- 


- 


- 


'- 


- 


- 


B 


- 


PNDET 


- 


— 


— 


- 


— 


CDET 


A 


- 


— 


— 


— 


— 


- 


— 


- 


9 


- 


FED 


- 


- 


- 


- 


- 


- 


8 


- 


- 


- 


— 


— 


P2DET 


— 


- 


7 


RTH 


DDIS 


RPDM 


SWRT 


BWRT 


T2 


RTDIS 


6 


IFIX TOD 


RECEIVER CONFIGURATION 


5 


RAM ACCESS XS 


4 


RAM ACCESS YS 


3 


RAM DATA XSM 


2 


RAM DATA XSL 


1 


RAM DATA YSM 





RAM DATA YSL; RECEIVER DATA 


Reglsteix^ 


7 


6 


5 


4 


3 


2 


1 





(— ) Indicates reserved for modem use only. 



Receiver Interface Memory Chip 2 (CS2) 




Nv Bit 

Reglste^\ 


7 


6 


5 


4 


3 


2 


1 





F 


— 


- 


- 


- 


- 


- 


— 


- 


E 


RBIA 


- 


- 


- 


- 


RBIE 


- 


RBDA 


D 


— 


- 


- 


- 


- 


- 


- 


- 





— 


— 


- 


- 


- 


- 


- 


- 


B 


— 


- 


- 


- 


- 


- 


- 


- 


A 


— 


- 


— 


- 


— 


- 


- 


- 


9 


— 


- 


- 


- 


- 


- 


- 


- 


8 


— 


- 


- 


- 


- 


- 


- 


- 


7 


— 


- 


- 


- 


— 


- 


- 


. - 


6 


— 


- 


- 


- 


- 


- 


- 


- 


5 


RAM ACCESS XB 


4 


RAM ACCESS YB 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


Registe|>^ 


7 


6 


5 


4 


3 


2 


1 





(— ) indicates reserved for modem use only. 



Figure 5. Interface Memory Map 
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Table 8. R96DP Interface Memory Definitions 



Mnemonic 



Name 



IMemory 
Location 



Description 



BWRT 
CEQ 



Amplitude 3-Link 
Select 



Baud Write 

Cable Equalizer 
Field 



1:7:2 
0:5:4,5 



CDET 



Carrier Detector 



1:8:0 



DDIS 

DDR 
D3L 



Descramble Disable 

Dial Digit Register 
Delay 3-Link Select 



1:7:5 

0:0:0-7 
0:5:0 



A3L IS used in conjunction with LAEN. When A3L is a one the Japanese 3 link 
equalizer is selected and when A3L is a zero the U.S. Survey Long link equalizer is 
selected. 

When control bit BWRT is a one, the RAM write operation is enabled for Chip 2. 

The CEQ Control field simultaneously controls amplitude compromise equalizers in both 
the transmit and receive paths. The following tables list the possible cable equalizer 
selection codes and responses. 



CEQ 



1 
2 
3 



CEQ CODE 1 



Cable Length (0.4 mm diameter) 

0.0 

1.8 km 
3.6 km 
7.2 km 



d 



Cable Equalizer Nominal Gain 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) j 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+ 0.15 
+ 1.43 


-0.94 
-0.24 
+ 0.31 
+ 1.49 



CEQ CODE 2 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) | 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-2.39 
-0.65 
+ 0.87 
+ 3.06 


-2.67 
-0.74 
+ 1.02 
+ 3.17 



CEQ CODE 3 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) 


Transmitter 


Receiver 


700 
1500 
2000 
3000 


-3.93 
-1.22 
+ 1.90 
+ 4.58 


-3.98 
-1.20 
+ 1.81 
+ 4.38 



Unless a problem with training or high bit error rate is encountered, most applications 
operate successfully with no cable equalizer selected. 

When zero, status bit CDET indicates that passband energy is being detected, and 
that a training sequence is not in process. CDET goes to a zero a t the s tart of the 
data state, and returns to a one at the end of the received signal. CDET activate s 
up to 1 baud time before RLSD and deactivates within 2 bau d time s after RLSD. If the 
FED bit goes to a zero and no P2 sequence is detected, the CDET bit goes to zero 
within 5 to 25 ms indicating that the receiver has entered the data state without a 
training sequence. 

When control bit DDIS is a one, the receiver descrambler circuit is removed from the 
data path. 

DDR IS used to tell the modem which DTMF digit to transmit (see Transmitter Data). 

D3L is used in conjunction with LDEN When D3L is a one the Japanese 3 link 
equalizer is selected and when D3L is a zero the U.S. Survey Long link equalizer is selected. 
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Table 8. R96DP interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



EPT 



FED 



(None) 



Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



0:7:3 



1:9:6 



0:2:0-7, 
0:3:0-7 



IFIX 



LAEN 



Eye Fix 



Link Amplitude 
Equalizer Enable 



1:6:7 



0:5:3 



When control bit EPT is a one, an unmodulated carrier is transmitted for 185 ms 
(optionally 30 ms) followed by 20 ms of no transmitted energy at the start of transmission. 
This option is available in the V.27 and V.29 Configurations, although it is not specified 
in the CCITT V 29 recommendation. 

When status bit FED is a zero, it indicates that energy above the receiver threshold is 
present in the passband, and the receiver is searching for the training sequence. 

The host processor conveys tone generation data to the transmitter by writing a 16-bit 
data word to the FREQL and FREQM registers in the interface memory space, as 
shown below: 



FREQM Register (0:3) 














Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


FREQL Register (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01% 

Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are 
given below: 



FREQM 



FREQL 



oc 


52 


ID 


55 


2C 


00 


31 


55 


38 


00 



Frequency (Hz) 

462 
1100 
1650 
1850 
2100 



When control bit IFIX is a one, the serial data on EYEX and EYEY reflect the rotated 
equalizer output and do not follow the data selected by RAM ACCESS XB and RAM 
ACCESS YB. 

The link amplitude equalizer enable and select bits control an amplitude compromise 
equalizer in the receive path according to the following table: 



LAEN 



1 
1 



A3L 

X 



1 



Curve Matched 

No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



The link amplitude equalizer responses are given in the following table. 
Linic Amplitude Equalizer 



Frequency 
(Hz) 


Gain Relative to 1700 Hz (dB) 


U.S. Survey Long 


Japanese 3-Linlc 


1000 
1400 
2000 
2400 
2800 
3000 


-0.27 
-0.16 
+ 0.33 
+ 1.54 
+ 5.98 
+ 8.65 


-0.13 
-0.08 
+ 0.16 
+ 0.73 
+ 2.61 
+ 3.43 
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Table 8. R96DP Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



LCEN 
LDEN 



L2ACT 
L3ACT 

L4ACT 

L4HG 
MHLD 
PNDET 
P2DET 
(None) 
(None) 
(None) 
(None) 



Loop Clock Enable 

Link Delay 
Equalizer Enable 



Remote Digital 
Loopback Activate 

Local Analog 
Loopback Activate 



Remote Analog 
Loopback Activate 



Loop 4 High Gain 



Mark Hold 



Period N Detector 



Period Two 
Detector 



RAM Access T 



RAM Access XB 



RAM Access XS 



RAM Access YB 



0:4:0 
0:5:2 



0:4:1 



1:B:6 



1:8:2 



0:F:0-7 



When control bit LCEN is a one, the transmitter clock tracks the receiver clock. 

The link delay equalizer enable and select bits control a delay compromise equalizer in 
the receive path according to the following table: 



LDEN 


1 

1 



D3L 

X 



1 



Curve Matched 

No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



The link delay equalizer responses are given in the following table. 
Link Delay Equalizer 



Frequency 
(Hz) 


Delay Relative to 
1700 Hz (Microseconds) 


U.S. Survey Long 


Japanese 3-Link 


800 
1200 
1600 
1700 
2000 
2400 
2800 


-498.1 
-188.3 

-15.1 
+ 0.0 

-39.8 
-423.1 
-672.4 


-653.1 
-398.5 

-30.0 
+ 0.0 

+ 11.7 
-117.1 
-546.3 



When control bit L2ACT is a one, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT recommendation V.54 loop 2. 

When control bit L3ACT is a one, the transmitter analog output is coupled to the 
receiver analog input through an attenuator in accordance with CCITT recommendation 
V.54 loop 3. 

When control bit L4ACT is a one, the receiver analog input is connected to the transmitter 
analog output through a variable gain amplifier in a manner similar to recommendation 
V.54 loop 4. 

When control bit L4HG is a one, the loop 4 variable gain amplifier is set for +16 dB, 
and when at zero the gain is zero dB. 

When control bit MHLD is a one, the transmitter input data stream is forced to all marks 
(ones). 



When status bit PNDET is a zero, it indicates a PN sequence has been detected. This 
bit sets to a one at the end of the PN sequence. 



When status bit P2DET is a zero, it indicates that a P2 sequence has been detected. 
This bit sets to a one at the start of the PN sequence. 

Contains the RAM access code used in reading or writing chip RAM locations via 
word Y(0:1 and 0:0). 

Contains the RAM access code used in reading or writing chip 2 RAM locations via 
word X (2:3 and 2:2). 

Contains the RAM access code used in reading or writing chip 1 RAM locations via 
word^(1:3and 1:2). 

Contains the RAM access code used in reading or writing chip 2 RAM locations via 
word Y (2:1 and 2:0). 
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Table 8. R96DP Interface Memory Definitions (Continued) 



(Mnemonic 


Name 


IMemory 
Location 


Description 


(None) 


RAM Access YS 


1:4:0-7 


Contains the RAM access code used in reading or writing chip 1 RAM locations via 
word Y (1:1 and 1:0). 


(None) 


RAM Data XBL 


2:2:0-7 


Least significant byte of 16-bit word X used in reading or writing RAM locations In 
chip 2. 


(None) 


RAM Data XBM 


2:3:0-7 


Most significant byte of 16-bit word X used in reading or writing RAM locations In 
chip 2. 


(None) 


RAM Data XSL 


1:2:0-7 


Least significant byte of 16-bit word X used in reading or writing RAM locations In 
chipl. 


(None) 


RAM Data XSM 


1:3:0-7 


Most significant byte of 16-bit word X used In reading or writing RAM locations In 
chipl. 


(None) 


RAM Data YBL 


2:0:0-7 


Least significant byte of 16-bit word Y used in reading or writing RAM locations In 
chip 2. 


(None) 


RAM Data YBM 


2:1:0-7 


Most significant byte of 16-bit word Y used In reading or writing RAM locations in 
chip 2. 


(None) 


RAM Data YSL 


1:0:0-7 


Least significant byte of 16-blt word Y used in reading or writing RAM locations In 
chip 1 . Shared by parallel data mode for presenting channel data to the host 
microprocessor bus. See 'Receiver Data.' 


(None) 


RAM Data YSM 


1:1:0-7 


Most significant byte of 16-blt word Y used in reading or writing RAM locations in 
chipl. 


(None) 


RAM Data YTL 


0:0:0-7 


Least significant byte of 16-blt word Y used in reading or writing RAM locations In 
chip 0. It is shared by parallel data mode and DTMF dialing (see Transmitter Data). 


(None) 


RAM Data YTM 


0:1:0-7 


Most significant byte of 16-byte word Y used In reading or writing locations In chip 0. 


RBDA 


Receiver Baud 
Data Available 


2:E:0 


Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit 
goes to a zero when the host processor reads data from register 2:0. 


RBIA 


Receiver Baud 
Interrupt Active 


2:E:7 


This status bit is a one whenever the receiver baud rate device Is driving IRQ low. In 
idle mode the interrupts from chip 2 occur at half the baud rate. During diagnostic 
access in data mode, the interrupts occur at the baud rate. 


RBIE 


Receiver Baud 
Interrupt Enable 


2:E:2 


When the host processor writes a one In the RBIE control bit, the IRQ line of the 
hardware interface is driven to zero when status bit RBDA is a one. 


(None) 


Receiver 
Configuration 


1:6:0-5 


The host processor configures the receiver by writing a control code into the receiver 
configuration field in the interface memory space (see RSB). 

Receiver Configuration Control Codes 

Control codes for the modem receiver configuration are: 

14 V.29 9600 
12 V.29 7200 
11 V.29 4800 
22 V.27 4800 Long 
21 V.27 2400 Long 
02 V.27 4800 Short 
01 V.27 2400 Short 



2-38 



R96DP 



9600 bps Data Pump Modem 



Table 8. R96DP Interface Memory Definitions (Continued) 



MnGmonic 


Name 


Memory 
Location 


Description 


(None) 


Receiver Data 


1:0:0-7 


The host processor obtains channel data from the receiver in the parallel data mode 
by reading a data byte from the receiver data register. The data is divided on baud 
boundaries as is the transmitter data. When using receiver parallel data mode, the 
registers 1 :3 through 1 can not be used for reading the chip 1 RAM. 


RPDM 


Receiver Parallel 
Data Mode 


1:7:4 


When control bit RPDM is a one, the receiver supplies channel data to the receiver data 
register (1 : 0) as well as to the hardware serial data output. (See Receiver Data) 


RSB 


Receiver Setup Bit 


1:E:3 


When the host processor changes the receiver configuration or the RTH field, the host 
processor must write a one in the RSB control bit. RSB goes to zero when the changes 
become effective. Worst case setup time is 2 baud times. 


RSDA 


Receiver Sample 
Data Available 


1:E:0 


Status bit RSDA goes to a one when the receiver writes data to register 1 :0. RSDA 
goes to a zero when the host processor reads data from register 1 :0. 


RSIA 


Receiver Sample 
Interrupt Active 


1:E:7 


This status bit is a one whenever the receiver sample rate device is driving IRQ to zero. 


RSIE 


Receiver Sample 
Interrupt Enable 


1:E:2 


When the host processor writes a one in the RSIE control bit, the IRQ line of the 
hardware interface is driven to zero when status bit RSDA is a one. 


RTDIS 


Receiver Training 
Disable 


1:7:0 


When control bit RTDIS is a one, the receiver is prevented from recognizing a training 
sequence and entering the training state. 


RTH 


Receiver Threshold 
Field 


1:7:6,7 


The receiver energy detector threshold is set by the RTH field according to the following 
codes (see RSB): 

RTH RLSD On RLSD Off 

>-43dBm <-48dBm 

1 >-33dBm <-38dBm 

2 >-26dBm <-31dBm 

3 >-16dBm <-21dBm 


RTS 


Request-to-Send 


0:7:7 


When control bit RTS goes to a one, the modem begins a transmit sequence. It 
continues to transmit until RTS is reset to zero, and the turn-off sequence has been 
completed. This input bit parallels the operation of the hardware RTS control input. 
These inputs are ORed by the modem. 


SDIS 


Scrambler Disable 


0:7:5 


When control bit SDIS is a one, the transmitter scrambler circuit is removed from the 
data path. 


SEPT 


Short Echo 
Protector Tone 


0:7:0 


When control bit SEPT is a one, the echo protector tone is 30 ms long rather than 
185 ms. 


SWRT 


Sample Write 


1:7:3 


When control bit SWRT is a one, the RAM write operation is enabled for chip 1 . 


TBA 


Transmitter Buffer 
Available 


0:E:0 


This status bit resets to zero when the host processor writes data to transmitter data 
register 0:0. When the transmitter empties register 0:0, this bit sets to a one. During a 
RAM access in chip 0, when TBA is a one the host can perform either a RAM read or 
write depending on the state of bit 0:6:3 (see Transmitter Configuration). 


TIA 


Transmitter 
Interrupt Active 


0:E:7 


This status bit is a one whenever the transmitter is driving IRQ to a zero. 


TIE 


Transmitter 
Interrupt Enable 


0:E:2 


When the host processor writes a one in control bit TIE, the IRQ line of the hardware 
interface is driven to zero when status bit TBA is at a one. 
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Table 8. Rd6DP Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



TLVL 



Transmitter Level 
Field 



0:4:2-4 



TOD 



TPDM 



(None) 



Train-on-Data 



Transmitter Parallel 
Data Mode 



Transmitter 
Configuration* 



1:6:6 



0:6:0-7 



The transmitter analog output level is determined by eight TLVL codes, as follows: 



TLVL 


1 
2 
3 
4 
5 
6 
7 



Transmitter Analog Output* 

- 1 dBm ± 1 dB 

-3dBm ±1 dB 

-5 dBm ±1 dB 

-7 dBm ±1 dB 

-9 dBm ±1 dB 

-11 dBm ±1 dB 

-13 dBm ±1 dB 

-15 dBm ±1 dB 



*Each step above is a 2 dB change ±0.2 dB. 



When control bit TOD is a one, it enables the train-on-data algorithm to converge the 
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still 
recognizes a training sequence and enters the force train state. A BER of approximately 
10-3 for 0.5 seconds initiates train-on-date. 

When control bit TPDM is a one, the transmitter accepts data for transmission from the 
transmitter data register (0 : 0). When TPDM is a zero channel data from the serial hardware 
input TXD is accepted and the chip RAM access is enabled. 

The host processor configures the transmitter by writing a control byte into the transmitter 
configuration register in its Interface memory space. (See TSB.) 

Transmitter Configuration Control Codes 

Control codes for the modem transmitter configurations are: 



Configuration Code (Hex)* 

14 
12 
11 
22 
21 
02 
01 
80 
40 



Transmitter Configuration 

V.29 9600 
V.29 7200 
V.29 4800 
V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 
Tone Transmit 
DTMF Tone Transmit 



*Note: 

Beginning with the R5304-22 device, bit 3 of the transmitter configuration register Is 
used in the RAM access operation for chip 0. When 0:6:3 Is a one, a RAM write 
operation will occur when TPDM Is a zero, and when 0:6:3 Is a zero, a RAM read 
operation will occur when TPDM is a zero 

Configuration Definitions 

Definitions of the eight Transmitter Configurations are: 

1. V.29. When a V.29 configuration has been selected, the modem operates as 
specified in the CCITT Recommendation V.29. 

2. V.27. When a V.27 configuration has been selected, the modem operates as 
specified In CCITT Recommendation V.27 ter. 

3. Tone Transmit. In this configuration, activating signal RTS causes the modem to 
transmit a tone at a single frequency specified by two registers In the host Interface 
memory space containing the frequency code. The most significant bits are specified 
in the FREQM register (0:3). The least significant bits are specified in the FREQL 
register (0:2). The least significant bit represents 0.146486 Hz ±0.01%. The frequency 
generated is: f =0.146486 (256 FREQM + FREQL) Hz ±0.01%. 

4. DTMF Tone Transmit. In this configuration when the hex value of a DTMF digit is 
stored in register 0:0, a DTMF tone will be transmitted If RTS Is enabled. 
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Table 8. R96DP Interface Memory Definitions (Continued) 



Mnonionic 


Name 


Memory 
Location 


Description 


(None) 


Transmitter; DDR; 
RAM Data YTL 


0:0:0-7 


1 . The host processor transmits data in the parallel mode by writing a data byte to the 
transmitter data register. The data is divided on baud boundaries, as follows- 

NOTE 










Data is transmitted bit zero first. 






Configuration 


Bits 




7 6 5 1 4 


3 1 2 1 1 1 


V.29 9600 bps 


Baudi 


Baud 


V.29 7200 bps 


Not Used 


Baud 1 1 Baud 


V.29 4800 bps 


Baud 3 


Baud 2 Baud 1 | Baud 


V.27 4800 bps 


Not Used 


Baud 1 Baud 


V.27 2400 bps 


Baud 3 


Baud 2 1 Baud 1 | Baud 




2. Register 0:0 is used to transmit DTMF digits when the transmitter is configured in 
the DTMF tone transmit mode. 










3. Register 0:0 is a RAM data register used for reading or writing the least significant 
byte of the 16-bit Y word in Chip when TPDM is a zero and no tone or DTMF tone 
transmission is occurring. 


TSB 


Bit 


0:E:3 


When the host processor changes the transmitter configuration, the host must write a 
one in this control bit. TSB goes to a zero when the change becomes effective Worst 
case setup time is 2 baud + turnoff sequence + training (if applicable). 


TTDIS 


Disable 


0:7:6 


When control bit TTDIS is a one, the transmitter does not generate a training sequence 
at the start of transmission. With training disabled, RTS/CTS delay is less than two 
baud times. 


T2 


T/2 Equalizer 
Select 


1:7:1 


When control bit T2 is a one, an adaptive equalizer with two taps per baud is used. 
When T2 is a zero, the equalizer has one tap per baud. The total number of taps 
remains the same for both cases. 


XCEN 


External Clock 
Enable 


0:7:1 


When control bit XCEN is a one, the transmitter timing is established by the external 
clock supplied at the hardware input XTCLK. The clock appearing at the XTCLK input 
will appear at the TDCLK output. 




2-41 



R96DP 



9600 bps Data Pump Modem 



SIGNAL PROCESSOR RAM ACCESS 

RAM and Data Organization 

Each signal processor contains t28 words of random access 
memory (RAI^). Each word is 32 bits wide. Because the signal 
processor is optimized for performing complex arithmetic, the 
RAM words are frequently used for storing complex numbers. 
Therefore, each word is organized into a real part (1 6 bits) and an 
imaginary part (16 bits) that can be accessed independently. 
The portion of the word that normally holds the real value is 
referred to asXRAM. The portion that normally holds the imagi- 
nary value is referred to as VRAM. In the sample rate and baud 
rate devices the entire contents'of XRAM and YRAM may be read 
from or written into by the host processor via the microprocessor 
interface. Access to the YRAM is possible only in the transmitter 
device. 



When reading from RAM, or writing into RAM, the bits in regis- 
ters 0:E, 1 :E, 2:E can be used for handshaking or interrupt func- 
tions as in parallel data mode. When not in parallel data mode, 
the bits in register 1 :E perform the handshake and interrupt func- 
tions for RAM access. In both serial and parallel data modes, the 
bits in register 2:E perform handshake and interrupt functions for 
RAM access. When set to one, bit RBIE (2:E:2) enables RBDA to 
drive the IRQ connector signal to zero volts when RBDA is a one. 
Bit RBI A (2:E:7) identifies chip 2, the baud rate device, as a 
source of IRQ interrupt. Bit RBIA is a one when both RBIE and 
RBDA are set to one. In the event that other system elements may 
cause IRQ to be driven low, the host must determine if modem 
chip 2 is causing an interrupt by reading RBIA. 

Table 9 provides the available RAM access functions, codes, and 
registers. 



Interface Memory 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. Information transfer 
between RAM and interface memory is accomplished by the sig- 
nal processor logic unit moving data between the SP main bus 
and the SP I/O bus. The SP logic unit determines the RAM 
address to read from or write into by the code stored in the RAM 
ACCESS bits of interface memory registers. The SP logic unit 
normally transfers a word from RAM to interface memory once 
each cycle of the device code. Each RAM word transferred to the 
interface memory is 32 bits long (16 bits in the transmitter). These 
bits are written by the SP logic unit into interface memory regis- 
ters 3, 2, 1 , and in that order. Registers 3 and 2 contain the 
most and least significant bytes of XRAM data, respectively, 
while registers 1 and contain the most and least significant 
bytes of YRAM data, respectively. As previously described for 
parallel data mode, the data available bits set to a one when 
register of the respective signal processor is written into by the 
device and resets to a zero when register is read from by the 
host. Since the parallel data mode transmitter and receiver data 
register shares register with the YRAM data, chip and 1 RAM 
access are disabled in parallel data mode. However, chip 2 RAM 
access remains active in receiver parallel data mode. 

The transmitter, sample rate device and the baud rate device 
allow data to be transferred from interface memory to RAM. 
When set to a one, bit SWRT (1 :7:3) signals the chip 1 SP logic 
unit to suspend transfer of RAM data to the interface memory, 
and instead, to transfer data from interface memory to RAM. Bit 
BWRT (1 :7:2) performs the same function for chip 2 RAM. When 
writing into the RAM, 32 bits are transferred. The 16 bits written 
into XRAM come from registers 3 and 2, with register 3 being the 
more significant byte. The 16 bits written into YRAM come from 
registers 1 and 0, with register 1 being the more significant byte. 
When only 16 bits of data are to be written, FF (a dummy RAM 
location) must be stored in RAM ACCESS XS or RAM ACCESS 
YS to prevent writing the insignificant 16 bits of registers 1 :3 
through 1:0 into a valid RAM location. When the host processor 
writes into register 1 :0 the RSDA bit (1 :E:0) is reset to zero. When 
the SP logic unit reads data from register 1 :0, the RSDA bit 
(1 :E:0) is set to a one. In a similar manner, bit RBDA (2:E:0) resets 
to zero when the host processor writes into register 2:0 and sets 
to a one when the SP logic unit reads data from register Z'O- 



Auto Dial Sequence 

The Figure 6 flowchart defines the auto dial sequence via the 
microprocessor interface memory. The modem timing for the 
auto dialer accounts for DTMF tone duration and interdigit delay. 
The default tone duration is 95 ms and the default interdigit delay 
is 71 ms. The default amplitudes for the high and low frequencies 
are - 4 dBm and - 6 dBm, respectively. The above four parame- 
ters can be changed by performing a RAM write. 



Table 9. RAM Access Codes 









X Access 


Y Access 










Code 


Code 




No. 


Function 


Chip 


(Hex) 


(Hex) 


Register 


1 


DTMF Low Frequency 
Amplitude! 





— 


88 


0.1 


2 


DTMF High Frequency 
Amplitudei 





— 


08 


0.1 


3 


Interdigit Delays 





— 


89 


0.1 


4 


DTMF Tone Duration^ 





— 


09 


0,1 


5 


Received Signal Samples 




CO 


Not Used 


2.3 


6 


Demodulator Output 




C2 


42 


0.1.2.3 


7 


Low Pass Filter Output 




D4 


54 


0,1,2.3 


8 


Average Energy 




DC 


Not Used 


2.3 


9 


AGO Gain Word 




81 


Not Used 


2.3 


10 


Equalizer Input 


2 


CO 


40 


0,1.2,3 


11 


Equalizer Tap Coefficients 


2 


81 -AO 


01-20 


0.1.2,3 


12 


Unrotated Equalizer 












Output 


2 


El 


61 


0.1.2,3 


13 


Rotated Equalizer Output 
(Received Points) 


2 


A2 


22 


0,1.2,3 


14 


Decision Points 
Ideal Points 


2 


E2 


62 


0.1.2.3 


15 


Error 


2 


E3 


63 


0.1.2,3 


16 


Rotation Angle 


2 


Not Used 


00 


0,1 


17 


Frequency Correction 


2 


AA 


Not Used 


2,3 


18 


EQM 


2 


A7 


Not Used 


2.3 


19 


Dual Point 


2 


AE 


2E 


0.1,2,3 


Note: 1. Added in transmitter 


device 


) R5304-22. 
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( START j 








— RTS (0:7:7) 








1 








$40 -* 0:6 
(DTMF TONE TX) 








i 








1 -^ TSB(0:E:3) 








* 








WRITE FIRST 
DIGIT IN DDR (0:0) 








* 








1 -* RTS (0:7:7) 








1 








f 








^ TBA(0:E:0) = 1? y 






M N i 




^ 


Y 


WRITE DIGIT 
IN DDR (0:0) 










i' 








$FF — DDR (0:0) 








' 








r 






^ TBA(0:E:0) = 1? y 


.i!_ 






— RTS (0:7:7) 








\ 


' 






( ^' 


» ) 



Figure 6. R96DP Auto Dial Sequence 
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PERFORMANCE 



TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of -20 dBm as 
illustrated. 

Typical BER performance is shown in Figure 7. The BER curves 
shown in Figure 7 were prepared from data obtained using a 
TAS 1010 system. 



TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10~® or less 
with a signai-to-noise ratio of 12.5 dB in the presence of 15*^ 
peal<-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio 
of 15 dB in the presence of 30^ peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 

At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate of 
10~^ or less with a signal-to-noise ratio of 19 dB in the presence of 
15<» peak-to-peak phase jitter at 60 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10"® or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error rate 
of 10~^ or less with a signal-to-noise ratio of 23 dB in the presence 
of 20° peak-to-peak phase jitter at 30 Hz. 
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Figure 7. R96DP BER versus SNR 
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GENERAL SPECIFICATIONS 



Table 10. Modem Power Requirements 



Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ 0°C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±50/0 
±50/0 


550 mA 

5 mA 

25 mA 


<700 mA 

< 10 mA 

< 50 mA 


Note: All voltages must have ripple <0 1 volts peak-to-peak. 



Table 1 1 . Modem Environmental Restrictions 



Parameter 


Specification 


Temperature 




Operating 


0°C to +60°C (32° F to 140°F) 


Storage 


-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 


Relative Humidity- 


Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 


Altitude 


-200 feet to +10,000 feet 



Table 12. Modem Mechanical Considerations 



Parameter 


Specification 


DIN Connector Version 




Board Structure: 


Single PC board with a 3-row 64-pm right angle male DIN connector with rows A and C populated. 




The modem can also be ordered with the following DIN connector- 64-pin DIN right angle female, 




64-pin DIN vertical male or 64-pin DIN vertical female. 


Mating Connector: 


Female 3-row 64-pm DIN receptacle with rows A and C populated. Typical receptacle: 




Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent. 


Dimensions: 




Width 


3.937 m (100 mm) 


Length 


4.725 in. (120 mm) 


Connector Height 


437 in (11.1 mm) 


Component Height 




Top (max.) 


0.200 in. (5.1 mm) 


Bottom (max.) 


130 in. (3.3 mm) 


Weight (max): 


3 6oz. (lOOg) 


Lead Extrusion (max.): 


100 in. (2.54 mm) 


DIP Connector Version 




Board Structure: 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 




Width 


3 228 in. (82 mm) 


Length 


3 937 in. (100 mm) 


Component Height 




Top (max ) 


0.200 in. (5 1 mm) 


Bottom (max.) 


0.130 in. (3 3 mm) 


Weight (max.): 


3.6 oz. (100 g) 


Pin Length (max.) 


0.53 in (13.5 mm) 
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3.937 
(100) 
3.700 
(94) 



0.156 ±0.003 DIA (6 PL) 
(3.96) 



0.119 

(3) ~] 



4.100 



(83) 



4.725 
(120) 



(104) 



MALE 64-PIN 
DIN CONNECTOR 



(12.6) 



0.483 
(12.3) 



m 



0.200 MAX 
(5.1) 




0.437 
f (11.1) 



0.062 TYP 
(1.6) 



0.130 MAX t 
(3.3) 
COMPONENT AREA 



3.228 

(82) 
3.025 
(76.8) 



A 
0.100 

(2.54) 
0.100 -» 
(2.54) 



DIN CONNECTOR VERSION 

0.250 
(6.4) 



►ipOOOOOOOOOOOOOOOOOOOOOOOOOOOO( 



<c 



lOOO( )( )00OO000O0000000O0000000(t)C 



0.100 (TYR) 



(2.54) 



3.725 



3.937 



(94.6) 



(100) 
0.025 so. PIN 
(0.64) (61 PL) 



0.098 DIA (3 PL) 
(2.5) 



I 0.075 
(1.9) 




).130 
(3.3) 
-COMPONENT AREA 
DIP CONNECTOR VERSION (PRELIMINARY) 



UNITS 



INCHES 



Figure 9. R96DP Modem Dimensions and Pin Locations 
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9600 bps Fast Train Modem 



INTRODUCTION 

The Rockwell R96FT is a synchronous serial 9600 bps modem 
designed for multipoint and networking applications. The R96FT 
allows full-duplex operation over 4-wire dedicated unconditioned 
lines, or half-duplex operation over the public switched telephone 
network (PSTN). 

Proprietary fast train configurations provide training times of 
23 ms for V.29FT/9600/7200/4800, 22 ms for V.27FT/4800, and 
30 ms for V.27FT/2400. A 2400/4800 bps Gearshift configura- 
tion provides a training time of 10 ms. For applications requiring 
operation with international standards, fallback configurations 
compatible with CCITT recommendations V.29 and V.27 bis/ter 
are provided. A 300 bps FSK configuration, compatible with 
CCITT V.21 Channel 2, is also provided. 

The small size and low power consumption of the R96FT offer 
the user flexibility in formulating a 9600 bps modem design cus- 
tomized for specific packaging and functional requirements. 



FEATURES 

• Proprietary Fast Train 

• 2400/4800 bps Gearshift 

• CCITT V.29, V.27 bis/ter and V.21 Channel 2 Compatible 

• Train on Data 

• 2-Wire Half Duplex, 4-Wire Full Duplex 

• Programmable Tone Generation 

• DTMF Tone Dialer 

• Call Progress Tone Detection 

• Dynamic Range - 43 dBm to - 5 dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable and Link (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Loopbacks 

— Local Analog 

— Remote Analog and Digital 

• Small Size 

— DIN Connector Version: 

120 mm X 100 mm (4.73 in. x 3.94 in.) 

— DIP Connector Version: 

82 mm x 100 mm (3.23 in. x 3.94) 

• Low Power Consumption: 3W (typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 






R96FT DIN Connector Version 



R96FT DIP Connector Version 



Document No. 29200N09 



Data Sheet 

2-47 



Order No. MD09 
Rev. 6 January 1989 



R96FT 



9600 bps Fast Train Modem 



TECHNICAL SPECIFICATIONS 
TRANSMITTER CARRIER FREQUENCIES 





Frequency 


Function 


(Hz ±0.010/0) 


V.27 bis/ter Carrier 


1800 


V.27FT Carrier 


1800 


2400/4800 bps Gearshift 


1800 


V.29 Carrier 


1700 


V.29FT Carrier 


1700/1800* 


V.21 Channel 2: 




Mark 


1650 


Space 


1850 


* Selectable carrier frequency 



TONE GENERATION 

Under control of the host processor, the R96FT can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 

SIGNALING AND DATA RATES 



Parameter 


Specification 


Signaling Rate: 
Data Rate: 


2400 baud 
9600 bps 
7200 bps 
4800 bps 


Signaling Rate: 
Data Rate: 


1600 baud 
4800 bps 


Signaling Rate: 
Data Rate: 
Gearshift Data Rate: 


1200 baud 

2400 bps 

2400/4800 bps 


Signaling Rate: 
Data Rate: 


300 baud 
300 bps 



DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-polnt structure. At 7200 bps, the data stream 
Is divided Into three bits (triblts) forming an 8-polnt structure. 
At 4800 bps, the data stream is divided Into two bits (dibits) 
forming a 4-polnt structure. 

At 1600 baud, the 4800 bps data stream Is encoded Into triblts 
per CCITT V.27 bIs/ter. 

At 1200 baud, the 2400 bps data stream Is encoded into dibits 
per CCITT V.27 bIs/ter. 

For the Gearshift configuration, the signaling rate Is 1200 baud. 
The 2400 bps data stream Is encoded Into dibits forming a 4-point 
structure, and the 4800 bps data stream is encoded Into quad- 
bits forming a 16-polnt structure. The first 32 bauds of data are 
transmitted at 2400 bps and the remaining message Is trans- 
mitted at 4800 bps. 

At 300 baud, the 300 bps data stream is encoded per CCITT V.21 
Channel 2 Into a mark frequency of 1650 Hz and a space fre- 
quency of 1 850 Hz. 

EQUALIZERS 

The R96Fn" provides equallzatior) functions that improve perform- 
ance when operating over low quality lines. 



Cable Equalizers — Selectable compromise cable equalizers In 
the receiver and transmitter are provided to optimize performance 
over different lengths of non-loaded cable of 0.4 mm diameter. 

Link Equalizers ~ Selectable compromise link equalizers In the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-llnk. 

Automatic Adaptive Equalizer — An automatic adaptive T 
equalizer Is provided in the receiver circuit. 

TRANSMITTED DATA SPECTRUM 

If the cable equalizer Is not enabled, the transmitter spectrum 
Is shaped by the following raised cosine filter functions: 

1 . 1200 Baud. Square root of 90 percent. 

2. 1600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The R96FT Incorporates a self-synchronizing scrambler/ 
descrambler. This facility Is In accordance with either V.27 bIs/ter 
or V.29 depending on the selected configuration. 

The scrambler/descrambler facilities for Gearshift can be 
selected to be in accordance with either V.27 bIs/ter or V.29. 
The scrambler/descrambler selection is made by writing the 
appropriate configuration codes into the transmitter and receiver. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R96FT can adapt to received 
frequency error of up to ±10 Hz with less than 0.2 dB degrada- 
tion In BER performance. 

During fast train polling, frequency offset must be less than 
±2 Hz for successful training. 

RECEIVE LEVEL 

The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from -5 dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog Input (RXA). 

RECEIVE TIMING 



The R96FT provides a data derived Receive Data Clock (RDCLK) 
output in the form of a squarewave. The low-to-high transitions 
of this output coincide with the centers of received data bits. 
For the Gearshift configuration, the first 32 bauds of data are 
at 2400 bps followed by 4800 bps data for the remaining 
message. The timing recovery circuit is capable of tracking a 
±0.01 % freque ncy error in the associated transmit timing 
source. RDCLK duty cycle Is 50% ±1%. 

TRANSMIT LEVEL 

The transmitter output level Is accurate to ± 1 .0 dB and is pro- 
grammable from - 1.0 dBm to - 15.0 dBm In 2 dB steps. 
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TRANSMIT TIMING 

The R96FT provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1 . Frequency. Selected data rate of 9600, 7200, 4800, 2400 or 
300 Hz (±0.01%). For the Gearshift Configuration, TDCLK 
is a 2400 Hz clock for the first 32 bauds of data, and a 
4800 Hz clock for the remaining message. 

2. Duty Cycle. 50% ±1% 

Input data presented on TXD is sampled by the R96FT at the 
low-to-high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 

EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate ±0.01% with a duty cycle of 50% ±20%. 

TRAIN ON DATA 

When train on data is enabled (by setting a bit in the interface 
memory), the modem monitors the EQM signal. If EQM indicates 
a loss of equalization (i.e., BER approximately 10"^ for 
0.5 seconds) the modem attempts to retrain on the data stream. 
The time for retrain is typically 3 to 15 seconds. 

TURN-ON SEQUENCE 

A total of 20 selectable turn-on sequences can be generated 
as defined in the following table: 



















V.27 




RTS-CTS 






V.29 


bis/ter 


Gearshift 


Response Time 




No. 


(bps) 


(bps) 


(bps) 


(milliseconds) 


Comments 


1 


FT/9600 






23 




2 


FT/7200 






24 


Proprietary 


3 


FT/4800 






23 


Fast Train 


4 




FT/4800 




22 




5 




FT/2400 




30 




6 


9600 






253 




7 


7200 






253 




8 


4800 






253 




9 




4800 long 




708 




10 




2400 long 




943 




11 




4800 short 




50 




12 




2400 short 




67 




13 






2400/4800 


10 




14 


9600 






438 


Preceded^ 


15 


7200 






438 


by Echo 


16 


4800 






438 


Protector 


17 




4800 long 




913 


Tone for 


18 




2400 long 




1148 


lines using 


19 




4800 short 




255 


echo 


20 




2400 short 




272 


suppressors. 


1 . For short echo protector tone, su 


jtract 155 ms fror 


n values of 


RTS-CTS response time. 






2. V.21 (300 bps FSK) RTS-CTS res 


ponse time is <3 


5 ms 



TURN-OFF SEQUENCE 

For V.27 bis/ter, V.27FT and 2400/4800 bps Gearshift 
configurations, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones followed by a 



20 ms period of no transmitted energy (V.27 bis/ter only). For 
V.29 and V.29FT, the turn-off sequence consists of approxi- 
mately 8 ms of remaining data and scrambled ones. 

CLAMPING 

Received Data (RXD) is clamped to a consta nt mark (one) when 
the Received Line Signal Detector (RLSD) is off. 

RESPONSE TIMES OF CLEAR TO SEND (CfS) 

The t ime between the off-to-on transition of Request To Se nd 
(RTS) and the off-to-on transition of Clear to Send (CTS) is 
dictated by the length of the training sequence and the echo 
protector tone, if used. These times are give n in the Tu rn-On 
Sequences table. If training is not enabled, RTS/CTS delay 
is less than 2 baud times. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 




RECEIVE LINE SIGNAL DETECTOR (RLSD) 

Response 

For Fast Train and Gearshift configurations, the receiver enters 
the training state upon detecting a significant increase in the 
received signal power. If the received line signal power is greater 
than the selected threshold level at the end of the training state, 
the receiver enters the data state and RLSD is activated. If the 
received line signal power is less than the selected threshold 
level at the en d of the training state, the receiver returns to the 
idle state and RLSD is not activated. 

Also, in Fast Train and Gearshift configurations, the receiver 
Initiates the turn-off delay upon detecting a significant decrease 
in the received signal power. If the received signal power is less 
than the selected threshold at the end of the turn-off delay, the 
receiver enters the idle state and RLSD is deactivated. If the 
received signal power is greater than the selected threshold at 
the end of t he turn-off delay, the receiver returns to the data state 
and RLSD is left active. 

For CCITT configurations, the receiver enters the training 
detection state when the r eceive d line signal power crosses the 
selected threshold level. RLSD is activated at the end of the 
training sequen ce. For V .21 Channel 2, a sep arate received line 
signal detector (FRLSD) is provided. FRLSD is activated when 
energy abo ve - 43 d Bm is present at the receiver's audio input 
(RXA). The FRLSD off-to-on response time is 15 ±5 ms and 
the on-to-off response time is 25 ±5 ms. 



The RLSD on-to-off response times are: 



Configuration 

V.29 Fast Train 

V.27 Fast Train 

Gearshift 

V.29 

V.27 bis/ter 



RLSD On-To-Off 
Response Time (ms) 

6.5 ±1 

8 ±1 

6 ±1 
30 ±9 
10 ±5 



RLSD response t imes a re measured with a signal at least 3 dB 
above the act ual RLSD on threshold or at least 5 dB below the 
actual RLSD off threshold. 
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R96FT Functional Interconnect Diagram 



Threshold Options 

Four threshold options are provided: 

1 . Greater than - 43 dB m (RLS D on) 
Less than -48 dBm (RLSD off) 

2. Greater than - 33 dB m (RLS D on) 
Less than - 38 dBm (RLSD off) 

3. Greater than - 26 dBm (RLSD on) 
Less than -31 dBm (RLSD off) 

4. Greater than 
Less than 



-16 dB m (RLS D on) 
-21 dBm (RLSD off) 



NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

For CCITT configurations, a minimum hysteresis action of 2 dB 
exists between the actual off-to-on and on-to-off transition levels. 
The threshold levels and hysteresis action are measured with 
unmodulated 2100 Hz tone applied to the receiver's audio input 
(RXA). 



MODES OF OPERATION 

The R96FT is capable of being operated in either a serial or a 
parallel mode of operation. 

SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the Functional Interconnect Diagram) illustrates this capability. 

PARALLEL MODE 

The R96FT has the capability of transferring channel data (up 
to eight bits at a time) via the microprocessor bus. 



MODE SELECTION 

For the transmitter, a control bit determines whether the source 
of transmitted data is the V.24 interface (serial mode) or the 
parallel transmitter data register (parallel mode). The transmitter 
automatically defaults to the serial mode at power-on. 

The receiver simultaneously outputs received data via the V.24 
interface and the parallel receiver data register. 

In either parallel or serial mode, the R96FT is configured by the 
host processor via the microprocessor bus. 



INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the R96FT Hardware 
Circuits table. In the table, the column titled Type' refers to 
designations found in the Hardware Circuit Characteristics. The 
microprocessor interface is designed to be directly compatible 
with an 8080 microprocessor. With the addition of a few external 
logic gates, it can be made compatible with 6500, 6800, or 
68000 microprocessors. 

Eye Pattern Generation 

The four hardware diagnostic circuits, identified in the follow- 
ing table, allow the user to generate and display an eye pattern. 
Circuits EYEX and EYEY serially present eye pattern data for 
the horizontal and vertical display inputs respectively. The 8-bit 
data words are shifted out most significant bit first, clocked by the 
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rising edge of the EYECLK output. The EYESYNC output is pro- 
vided for word synchronization. The falling edge of EYESYNC 
may be used to transfer the 8-bit word from the shift register 
to a holding register. Digital to analog conversion can then be 
performed for driving the X and Y inputs of an oscilloscope. 



Microprocessor Timing 







R96FT Hardware Circuits 






DIN 


DIP 




Name 


Type 


Pin No. 


Pin No. 


Description 


A. OVERHEAD: | 


Ground (A) 


AGND 


31C,32C 


30,31 


Analog Ground Return 


Ground (D) 


DGND 


3C,8C,5A,10A 


29,37,53 


Digital Ground Return 


+ 5 volts 


PWR 


19C,23C, 
26C,30C 


1,45,61 


+ 5 Vdc Supply 


+ 12 volts 


PWR 


15A 


32 


+ 12Vdc Supply 


-12 volts 


PWR 


12A 


36 


-12 Vdc Supply 


POR 


I/OB 


13C 


2 


Power-on-reset 


B. MICRO 


PROCE 


.SSOR INTER 


FACE: 


D7 


l/OA 


1C 


3l 






D6 


l/OA 


1A 


4 






D5 


l/OA 


2C 


5 






D4 
D3 


l/OA 
l/OA 


2A 
3A 


6 

7 


^ 


Data Bus (8 Bits) 


D2 


l/OA 


4C 


8 






D1 


l/OA 


4A 


9 






DO 


l/OA 


5C 


10 






RS3 


lA 


6C 


161 






RS2 
RSI 


lA 
lA 


6A 
7C 


17 
18 




Register Select (4 Bits) 


RSO 


lA 


7A 


19 






CSO 


lA 


IOC 


20 


Chip Select- 
Transmitter Device 


CS1 


lA 


9C 


21 


Chip Select— Receiver 










Sample Rate Device 


CS2 


lA 


9A 


13 


Chip Select— Receiver 
Baud Rate Device 


READ 


lA 
lA 


12C 
11A 


14 
12 


Read Enable 
Write Enable 


WRITE 


IRQ 


OB 


110 


11 


Interrupt Request 


0. V.24 IN 


TERFA 


CE: 




RDCLK 


OC 


21A 


23 


Receive Data Clock 


TDCLK 


oc 


23A 


46 


Transmit Data Clock 


XTCLK 


IB 


22A 


51 


External Transmit Clock 


RTS 


IB 


25A 


50 


Request to Send 


CTS 


OC 


250 


49 


Clear to Send 


TXD 


IB 


240 


48 


Transmitter Data 


RXD 


OC 


220 


26 


Receiver Data 


RLSD 


OC 


24A 


27 


Received Line Signal 
Detector 


D. ANCILL 


ARYC 


RCUITS: 




RBCLK 


OC 


26A 


22 


Receiver Baud Clock 


TBCLK 


OC 


270 


47 


Transmitter Baud Clock 


FRXD 


CD 


16A 


59 


FSK Receiver Data 




OD 


170 


52 


(inverted data) 
FSK Received Line 


FRLSD 










Signal Detector 


E. ANALO 


GSIGN 


ALS: 




TXA 


AA 


31 A 


34 


Transmitter Analog 
Output 


RXA 


AB 


32A 


33 


Receiver Analog Input 


AUXIN 


AC 


30A 


— 


Auxiliary Analog Input 


F. DIAGNOSTIC: 


EYEX 


OC 


150 


56 


Eye Pattem Data— X Axis 


EYEY 


OC 
OA 


14A 
14C 


55 
57 


Eye Pattern Data— Y Axis 
Eye Pattern Clock 


EYECLK 


EYESYNC 


OA 


13A 


58 


Eye Pattern 
Synchronizing Signal 


NOTES: 1. 


Pins n 
38-44, 


Dt used on the 
54 and 60. 


DIP version: 15, 24. 25, 28, 35 


2. 


Unuse 
Individ 


d inputs tied t( 
ual 10K Q seri 


3 + 5V or ground require 
es resistors. 



TCS — 



CSi 
(i = 0-2) 



READ 



WRITE 



TCS -^ 



WRITE 



READ 



TDA -^ -• *- 



( 



TCH TCS H 



A 



^ TCH TCS * 



U^ 



-*■ TWR 



*-TDH 



.."-O — Qy- 



-TCH 



TWOS 



«TWDH 




IVIicroprocessor Interface Timing Diagram 



Critical Timing Requirements 




Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time pnor 
to Read or Write 


TCS 


30 




nsec 


Data access time after Read 


TDA 


— 


140 


nsec 


Data hold time after Read 


TDH 


10 


50 


nsec 


CSi, RSi hold time after 
Read or Write 


TCH 


10 


_ 


nsec 


Write data setup time 
Write data hold time 


TWDS 
TWDH 


75 
10 


" 


nsec 
nsec 


Write strobe pulse width 


TWR 


75 


— 


nsec 
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Digital Interface Characteristics 





Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


IC 


OA 


OB 


OC 


OD 


I/O A 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 Min. 


2.0 Min. 


2.0 Min. 










2.0 Min. 


5.25 Max. 
2.0 Min. 


V|L 


Input Voltage, Low 


V 


0.8 Max. 


0.8 Max. 


0.8 Max. 










0.8 Max. 


0.8 Max. 


VOH 

Vol 


Output Voltage, High 
Output Voltage, Low 


V 
V 








2.4 Min.i 
0.4 Max.2 


0.4 Max.2 


0.4 Max 2 


2.2 Min. 6 
0.6 Max.7 


2.4 Min.1 
0.4 Max.2 


2.4 Min.3 
0.4 Max.5 


l|N 

«0H 
•OL 


Input Current, 

Leakage 

Output Current, High 

Output Current, Low 


mA 
mA 


±2.5 Max. 






-0.1 Max. 
1.6 Max. 


1.6 Max. 


1.6 Max. 




±2.5 Max.4 




•l 
Ipu 


Output Current, 
Leakage 
Pull-up Current 
(Short Circuit) 


fiA 




-240 Max. 
-10 Min. 


-240 Max. 
-10 Min. 




±10 Max. 


-240 Max. 
-10 Min. 






-260 Max. 
-100 Min. 


Cd 


Capacitive Load 
Capacitive Drive 


PF 
PF 


5 


5 


20 


100 


100 


100 




10 
100 


40 
100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open-Drain 
w/Pull-up 


TTL 


3-State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


1. 1 Load = -100 fiA 

2. 1 Load = 1.6 mA 


3. 1 Loac 

4. V,N = 


1 = -40 /iA 
0.4 to 2 4 Vdc, Vcc = 


5. 1 Load = 0.36 mA 7. 1 Load = 2.0 mA 
5.25 Vdc 6. 1 Load = -400 fiA 
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Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 

AUXIN 


AA 
AB 

AC 


The transmitter output impedance is 604 ohms ± 1 %. 

The receiver input impedance is 60K ohms 
±23%. 

The auxiliary analog input allows access to the 
transmitter for the purpose of interfacing with 
user provided equipment. Because this is a 
sampled data input, any signal above 4800 Hz 
will cause aliasing errors. The input impedance is 
IK ohms, and the gain to transmitter output is 
TLVL setting + 0.6 dB - 1 .4 dB. If unused, this 
input must be grounded near the modem 
connector. If used, it must be driven from a low 
impedance source. 



SOFTWARE CIRCUITS 

The R96FT comprises three signal processor chips. Each of 
these chips contains 16 registers to which an external (host) 
microprocessor has access. Although these registers are within 
the modem, they may be addressed as part of the host 
processor's memory space. The host may read data out of or 
write data into these registers. The registers are referred to as 
Interface memory. Registers in chip 1 update at half the modem 
sample rate (4800 bps). Registers in chip and 2 update at the 
selected baud rate. 

When Information in these registers is being discussed, the 
format Y:Z:Q is used. The chip is specified by Y(0-2), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). 



Status Control Bits 

The operation of the R96FT is affected by a number of software 
control inputs. These inputs are written into registers within the 
interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. All status 
and control bits are defined in the Interface Memory table. Bits 
designated by a dash (— ) are reserved for modem use only and 
must not be changed by the host. 

RAM Data Access 

The R96FT provides the user with access to much of the data 
stored in the modem's memories. This data Is useful for perform- 
ing certain diagnostic functions. 

Two RAM access registers in chip 2 allow user access to RAM 
locations via the X word registers (2:3 and 2:2) and the Y word 
register (2:1 and 2:0). The access code stored in RAM ACCESS 
X (2:5) selects the source of data for RAM DATA XM and RAM 
DATA XL (2:3 and 2:2). Similarly, the access code stored in RAM 
ACCESS Y (2:4) selects the source of data for RAM DATA YM 
and RAM DATA YL (2:1 and 2:0). 

Reading of diagnostic RAM data is performed by storing the 
necessary access codes in 2:5 and 2:4, reading 2:0 to reset the 
associated data available bit (2:E:0), then waiting for the data 
available bit to return to a one. Data is now valid and may be 
read from 2:3 through 2:0. 

An additional diagnostic is stipplied by the sample rate proces- 
sor (chip 1). Registers 1:2 and 1:3 supply a 16 bit AGC Gain 
Word. These two diagnostic data registers are updated at the 
sample rate during the data state and may be read by the host 
processor asynchronously. 



2-52 



R96FT 



9600 bps Fast Train Modem 



RAM Access Codes 

The RAM access codes defined in the following table allow the 
host processor to read diagnostic information within the modem. 

Baud Rate Processor (Chip 2) RMA Access Codes 



Transmitter Interface IMemory Chip (CSO) 



No. 


Function 


X Access 


Y Access 


Register 


1 


Equalizer Input 


CO 


40 


0,1,2.3 


2 


Equalizer Tap Coefficients 


81 -AO 


01-20 


0,1,2,3 


3 


Unrotated Equalizer Output 


E1 


61 


0,1,2,3 


4 


Rotated Equalizer Output 


E2 


62 


0,1,2,3 


5 


Decision Points 
(Ideal Data Points) 


E8 


68 


0,1,2,3 


6 


Error Vector 


E5 


65 


0,1,2,3 


7 


Rotation Angle 


A7 


Not Used 


2,3 


8 


Frequency Correction 


A5 


Not Used 


2,3 


9 


Eye Quality Monitor (EQM) 


AC 


Not Used 


2,3 





Receiver Interface Memory Chip 1 (CS1) 




\. Bit 

Register 


7 


6 


5 


4 


3 


2 


1 





F 


— 


— 


— 


— 


— 


— 


— 


— 


E 


RIA 


— 


— 


— 


RSB 


RIE 


— 


RDA 


D 


— 


— 


— 


— 


— 


— 


— 


— 





— 


— 


— 


— 


— 


— 


— 


— 


B 


— 


— 


— 


— 


— 


— 


— 


— 


A 


— 


— 


— 


— 


— 


— 


— 


— 


9 


— 


FED 


— 


— 


— 


CDET 


— 


— 


8 


TONE 


— 


— 


— 


P2DET 


— 


— 


— 


7 


RTH 


DDIS 


— 


— 


RCF 


RDIS 


— 


6 


TOD 


RECEIVER CONFIGURATION 


5 


— 


— 


— 


— 


— 


— 


— 


— 


4 


— 


— 


— 


— 


— 


— 


— 


— 


3 


AGC GAIN WORD (MSB) 


2 


AGC GAIN WORD (LSB) 


1 


_|_|_ _|_ _ -|- 





RECEIVER DATA 


"Z 


7 


6 


5 


4 


3 


2 


1 





(-) ind 


NOTE 

cates reserved for modem use only. 





\Bit 


7 


6 


5 


4 


3 


2 


1 





F 


— 


— 


— 


- 


— 


— 


— 




E 


TIA 


— 


— 


— 


TSB 


TIE 


— 


TBA 


D 


— 


— 


_ 


- 


— 


— 


— 


— 


c 


— 


— 


— 


- 


— 


— 


— 


— 


B 


— 


— 


— 


— 


— 


— 


— 


— 


A 


— 


— 


— 


— 


— 


— 


— 


— 


9 


FSKT 


ASCR 


— 


- 


TCF 


DDEE 


— 


— 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


RTS 


TTDIS 


SDIS 


MHLD 


EFT 


TPDM 


XCEN 


SEPT 


6 


TRANSMITTER CONFIGURATION 


5 


— 


— 


CEO 1 LAEN 1 LDEN 


A3L 


D3L 


4 


L3ACT 


L4ACT 


L4HG 1 TLVL 


L2ACT 


LCEN 


3 


FREQM 


2 


FREQL 


1 


_|_|_|_|_ -|- - 





DIAL DIGIT REGISTER (DDR)/TRANSMITTER DATA 


Registej; 


7 


6 


5 


4 


3 


2 


1 





NOTE 

(— ) indicates reserved for modem use only. 


Receiver Interface Memory Chip 2 (CS2) 


\Bit 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


— 


— 


— 


— 


— 


— 


— 


— 


E 


RBIA 


— 


— 


— 


— 


RBIE 


— 


RBDA 


D 


— 


— 


— 


— 


— 


— 


— 


— 


C 


— 


— 


— 


— 


— 


— 


— 


— 


B 


— 


— 


— 


— 


— 


— 


— 


— 




— 


— 


— 


— 


— 


— 


— 


— 




— 


— 


— 


— 


— 


— 


— 


— 




— 


— 


— 


— 


— 


— 


— 


— 




— 


— 


— 


— 


— 


— 


— 


— 




— 


— 


— 


— 


— 


— 


— 


— 




RAM ACCESS X 




RAM ACCESS Y 


3 


RAM DATA XM 


2 


RAM DATA XL 


1 


RAM DATA YM 





RAM DATA YL 


Register 


7 


6 


5 


4 


3 


2 


1 





NOTE 

(— ) indicates reserved for modem use only. 
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R96FT Interface Memory Definitions 



Mnemonic 



{Memory 
Location 



Description 



ASCR 

A3L 
CDET 

CEQ 



DDEE 

DDIS 

DDR 
D3L 
EPT 

FED 
(None) 



FSKT 



Append Scrambled 
Ones 



Amplitude 3-Lmk 
Select 

Carrier Detector 



Cable Equalizer 
Field 



Digital Delay 
Equalizer Enable 

Descramble Disable 



Dial Digit Register 

Delay 3-Link Select 

Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



FSK Transmitter 
Configuration 



0:9:6 



0:5.1 



1:9:2 



0:5:(4,5) 



0:9:2 

1:7:5 

0:0:0-7 

0:5:0 

0:7:3 



0:2:0-7, 
0:3:0-7 



0:9:7 



When control bit ASCR is a one, one baud of scrambled marks is included in the 
V.29FT and V.27FT training sequences The RTS-CTS delay is thus extended by one 
baud period when ASCR is a one. 

See LAEN. 

When zero, status bit CDET indicates that passba nd energy is being detected, and 
that a training sequence is not in process CDET goes to a zero a t the s tart of the 
data state, and retu rns to a one at the end of the received signal. C DET a ctivates up to 
1 baud time before RLSD and deactivates within 2 baud times after RLSD. 

The CEQ Control field simultaneously controls amplitude compromise equalizers in both 
the transmit and receive paths. The following table lists the possible cable equalizer 
selection codes: 



CEQ 


1 
2 
3 



Cable Length (0.4 mm diameter) 

0.0 

1.8 km 
3.6 km 
7.2 km 



When control bit DDEE is a one, a fourth order digital delay equalizer is inserted in the 
transmit path 

When control bit DDIS is a one, the receiver descrambler circuit is removed from the 
data path. 

DDR is used to tell the modem which DTMF digit to transmit (see Transmitter Data). 

See LDEN 

When control bit EPT is a one, an unmodulated earner is transmitted for 185 ms 
(optionally 30 ms) followed by 20 ms of no transmitted energy at the start of 
transmission. This option is available in the V.27 and V.29 configurations, although it is 
not specified in the CCITT V.29 Recommendation. 

When status bit FED is a zero, it indicates that energy above the receiver threshold is 
present in the passband. 

The host processor conveys tone generation data to the transmitter by writing a 16-bit 
data word to the FREQL and FREQM registers in the interface memory space, as 
shown below: 



FREQM Register (0:3) 














Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


FREQL Register (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01% 

Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are 
given below: 



Frequency (Hz) 

462 
1100 
1650 
1850 
2100 



FREQIM 

OC 
ID 
2C 
31 
38 



FREQL 

52 
55 
00 
55 
00 



The V.21 Channel 2 (300 bps synchronous FSK) transmitter configuration is selected by 
setting the FSK control bit to a one (see TSB). While set to a one, this control bit 
overrides the configuration selected by the control code in register 0:6. The FSK data 
may be transmitted in parallel mode or in senal mode (see TPDM). 
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R96FT Interface Memory Definitions (Continued) 


Mnemonic 


Name 


Memory 
Location 


Description 


LAEN 


Link Amplitude 
Equalizer Enable 


0:5:3 


The link amplitude equalizer enable and select bits control an amplitude compromise 
equalizer in the receive path according to the following table: 

LAEN A3L Curve Matched 

X No Equalizer 

1 U.S. Survey Long 
1 1 Japanese 3-Link 


LCEN 


Loop Clock Enable 


0:4:0 


When control bit LCEN is a one, the transmitter clock tracks the receiver clock. 


LDEN 


Link Delay 
Equalizer Enable 


0:5:2 


The link delay equalizer enable and select bits control a delay compromise equalizer in 
the receive path according to the following table: 

LDEN D3L Curve Matched 

X No Equalizer 

1 U.S. Survey Long 
1 1 Japanese 3-Link 


L2ACT 


Remote Digital 
Loopback Activate 


0:4:1 


When control bit L2ACT is a one, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT Recommendation V.54 loop 2. 


L3ACT 


Local Analog Loop- 
back Activate 


0:4:7 


When control bit L3ACT is a one, the transmitter analog output is coupled to the 
receiver analog input through an attenuator in accordance with CCITT Recommendation 
V.54 loop 3. 


L4ACT 


Remote Analog 
Loopback Activate 


0:4:6 


When control bit L4ACT is a one, the receiver analog input Is connected to the trans- 
mitter analog output through a variable gain amplifier in a manner similar to CCITT 
Recommendation V.54 loop 4. 


L4HG 


Loop 4 High Gain 


0:4:5 


When control bit L4HG is a one, the loop 4 variable gain amplifier is set for +16 dB, 
and when at zero the gain is zero dB. 


MHLD 


Mark Hold 
Period 2 Detector 


0:7:4 
1:8:3 


When control bit MHLD is a one, the transmitter input data stream is forced to all 
marks (ones). 


P2DET 


When status bit P2DET is a zero, it indicates that a period 2 sequence has been 
detected. This bit sets to a one at the start of the period N sequence. This bit is only 
significant for CCITT V.29 and V.27 bis/ter configurations. 


(None) 


RAM Access X 


2:5:0-7 


Contains the RAM access code used in reading chip 2 RAM locations via word X (2:3 
and 2:2). 


(None) 


RAM Access Y 


2:4:0-7 


Contains the RAM access code used in reading chip 2 RAM locations via word Y (2: 1 
and 2:0). 


(None) 


RAM Data XL 


2:2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 2. 


(None) 


RAM Data XM 


2:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 2. 


(None) 


RAM Data YL 


2:0:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 2. 


(None) 


RAM Data YM 


2:1:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 2. 


RBDA 


Receiver Baud 
Data Available 


2:E:0 


Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit 
goes to a zero when the host processor reads data from register 2:0. 


RBIA 


Receiver Baud 
Interrupt Active 


2:E:7 


This status bit is a one whenever the receiver baud rate device is driving IRQ low. 


RBIE 


Receiver Baud 
Interrupt Enable 


2:E:2 


When the host processor writes a one in the RBIE control bit, the IRQ line of the hard- 
ware interface is driven to zero when status bit RBDA is a one. 


RCF 


Receiver Carrier 
Frequency 


1:7:2 


Control bit RCF selects the demodulator carrier frequency for V.29FT configurations as 
follows: 

RCF Demodulator Carrier Frequency 

1700 Hz 

1 1800 Hz 
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IMnemonic 



Name 



Memory 
Location 



Description 



(None) 



Receiver 
Configuration 



1:6:0-6 



(None) 

RDA 
RDIS 

RIA 
RIE 
RSB 

RTH 



Receiver Data 



Receiver Data 
Available 
Receiver Disable 



Receiver Interrupt 

Active 

Receiver Interrupt 

Enable 

Receiver Setup Bit 



Receiver Threshold 
Field 



1:E:0 
1:7:1 

1:E:7 
1:E:2 
1:E:3 

1:7:6,7 



The host processor configures the receiver by writing a control code into the receiver 

configuration field in the Interface memory space (see RSB). 

Note: The receiver must be disabled prior to changing configurations. See RDIS. 

Receiver Configuration Control Codes 

Control codes for the modem receiver configuration are: 



Configuration 


Configuration Code (Hex) 


V29 


V27 bis/ter 


FT/9600 
FT/7200 
FT/4800 


FT/4800 
FT/2400 


1C 
1A 
19 
OA 
09 


9600 
7200 
4800 


4800 long 
2400 long 
4800 short 
2400 short 


14 
12 
11 
22 
21 
02 
01 


2400/4800 bps Gearshift/V.29 descrambleri 
2400/4800 bps GearshiftA/.27 bis/ter descrambleri 


61 
41 


V.21 Channel 2 


See Note 2 


250-650 Hz Tone Detector3 


31 


2100 Hz Tone Detectors 


33 


1. The Receiver Configuration code automatically changes from a hex 61 (or hex 41) 
to a hex 64 (or hex 44) when the receiver transitions from the 2400 bps data state 
to the 4800 bps data state. 


2. The FSK receiver is active at all times. Two ancillary hardware circuits. FRLSD 
and FRXD, are supplied for FSK message reception. FRLSD is described under 
the Received Line Signal Detector section. FRXD provides inverted FSK received 
data. Timing extraction must be performed on the FRXD signal externally as no 
FSK receiver data clock is provided by the R96FT. 

3. Added in B541 3-11. 



The host processor obtains channel data from the receiver in the parallel data mode by 

reading a data byte from the receiver data register. The data is divided on baud 

boundaries as is the transmitter data. 

Status bit RDA goes to a one when the receiver writes data to register 1 :0. RDA goes 

to a zero when the host processor reads data from register 1 :0. 

When control bit RDIS is a one, the receiver is disabled, RLSD is turned off and RXD 

is clamped to all marks. This bit can be used to squelch the receiver during half duplex 

transmissions over two wires. This bit must be set to a one prior to changing the 

receiver configuration. 

This status bit is a one whenever the receiver sample rate device is driving IRQ to zero. 

When the host processor writes a one in the RIE control bit, the IRQ line of the 

hardware Interface is driven to zero when status bit RDA is a one. 

When the host processor changes the receiver configuration or the RTH field, the host 

processor must write a one in the RSB control bit. RSB goes to zero when the changes 

become effective. 

The receiver energy detector threshold is set by the RTH field according to the 

following codes (see RSB): 



RTH 



1 
2 
3 



RLSD On 

>-43dBm 
>-33 dBm 
> - 26 dBm 
>-16 dBm 



RLSD Off 

<-48 dBm 
< - 38 dBm 
<-31 dBm 
<-21 dBm 
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Nsmc 


Memory 
Location 


Description 


RTS 


Request-to-Send 


0:7:7 


When control bit RTS goes to a one, the modem begins a transmit sequence. It 
continues to transmit until RTS is reset to zero, and the turn-off sequence has been 
completed. This input bit parallels the operation of the hardware RTS control input. 
These inputs are OR'ed by the modem. 


SDIS 


Scrambler Disable 


0:7:5 


When control bit SDIS is a one, the transmitter scrambler circuit is removed from the 
data path. 


SEPT 


Short Echo 
Protector Tone 


0:7:0 


When control bit SEPT is a one, the echo protector disable tone is 30 ms long rather 
than 185 ms. (See TSB.) 


TBA 


Transmitter Buffer 
Available 


0:E:0 


This status bit resets to zero when the host processor writes data to transmitter data 
register 0:0. When the transmitter empties register 0:0, this bit sets to a one. 


TCP 


Transmitter Carrier 
Frequency 


0:9:3 


Control bit TCF selects the modulator carrier frequency for V.29FT configurations as follows: 

TCF Modulator Carrier Frequency 

1700 Hz 

1 1800 Hz 


TIA 


Transmitter 
Interrupt Active 


0:E:7 


This status bit is a one whenever the transmitter is driving IRQ to a zero. 


TIE 


Transmitter 
Interrupt Enable 


0:E:2 


When the host processor writes a one in control bit TIE, the IRQ line of the hardware 
interface is driven to zero when status bit TBA is at a one. 


TLVL 


Transmitter Level 
Field 


0:4:2-4 


The transmitter analog output level is determined by eight TLVL codes, as follows: 

TLVL Transmitter Analog Output* 

-1 dBm ±1 dB 

1 -3 dBm ±1 dB 

2 -5 dBm ±1 dB 

3 - 7 dBm ± 1 dB 

4 -9 dBm ±1 dB 

5 -11 dBm ±1 dB 

6 -13 dBm ±1 dB 

7 -15 dBm ±1 dB 
*Each step above is a 2 dB change ±0.2 dB. 


TOD 


Train-On-Data 


1:6:7 


When control bit TOD is a one, it enables the train-on-data algorithm to converge the 
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still 
recognizes a training sequence and enters the force train state. A BER of approximately 
10-3 for 0.5 seconds initiates train-on-data. 


TONE 


Tone Detect 


1:8:7 


TONE indicates with a zero the presence of energy in the 250-650 ± 10 Hz or 
2100 ±20 Hz frequency range. For call progress purposes, the user may determine 
which tone is present by determining the duty cycle of the TONE bit. 


TPDM 


Transmitter Parallel 
Data Mode 


0:7:2 


When control bit TPDM is a one, the transmitter accepts data for transmission from the 
transmitter data register (0:0) rather than the serial hardware data input. 
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■Mnemonic 



Name 



Memory 
Location 



Description 



(None) 



Transmitter 
Configuration 



0:6:0-7 



(None) 



Transmitter Data/ 
DDR 



0:0:0-7 



TSB 



TTDIS 



XCEN 



Transmitter Setup 
Bit 



Transmitter Train 
Disable 



External Clock 
Enable 



0:E:3 



0:7:1 



The host processor configures the transmitter by writing a control byte into the transmit- 
ter configuration register in its interface memory space. (See TSB.) 

Transmitter Configuration Control Codes 

Control codes for the modem transmitter configurations are: 



Configuration 


Configuration Code (Hex) 


V29 


V27 bis/ter 


FT/9600 
FT/7200 
FT/4800 


FT/4800 
FT/2400 


1C 
1A 
19 
OA 
09 


9600 
7200 
4800 


4800 long 
2400 long 
4800 short 
2400 short 


14 
12 
11 
22 
21 
02 
01 


2400/4800 bps Gearshift/V.29 Scrambler 
2400/4800 bps Gearshift/V.27 bis/ter Scrambler 


61 
41 


V.21 Channel 2 


See FSKT 


Tone transmit 


80 


DTMF Tone Transmit* 


81 


*Note: Added in R5339-11. 



1 . The host processor conveys output data to the transmitter in the parallel mode by 
writing a data byte to the transmitter data register. The data is divided on baud 
boundaries, as follows: 

2. Register 0:0 is used to transmit DTMF digits when the transmitter is configured in 
the DTMF tone transmit mode. 

Note: Data is transmitted bit zero first. 



Configuration 


Bits 1 


7 1 6 1 5 1 4 


3 1 2 I 1 1 


V.29 9600 bps 


Baud 1 


BaudO 


V.29 7200 bps 


Not Used 


Baud 1 1 Baud 


V.29 4800 bps 


Bauds 


Baud 2 1 Baud 1 | Baud 


V.27 4800 bps 


Not Used 


Baud 1 1 Baud 


V.27 2400 bps 


Bauds 


Baud 2 


Baud 1 


BaudO 


2400 bps Gearshift 


Bauds 


Baud 2 


Baud 1 


BaudO 


4800 bps Gearshift 


Baud 1 


Baud 



When the host processor changes the transmitter configuration, the SEPT bit or the 
FSKT bit, the host must write a one in this control bit. TSB goes to a zero when the 
change becomes effective. Worst case setup time is 2 baud + turnoff sequence 
+ training (if applicable). 

When control bit TTDIS is a one, the transmitter does not generate a training sequence 
at the start of transmission. With training disabled, RTS/CTS delay is less than two baud 
times. 

When control bit XCEN is a one, the transmitter timing is established by the external 
clock supplied at the hardware input XTCLK. 



Auto Dial Sequence 

The R96FT Auto Dial Sequence flowcliart defines the auto dial 
sequence via the microprocessor interface memory. The modem 
timing for the auto dialer accounts for DTMF tone duration 



and interdigit delay. The tone duration is 95 ms and the Inter- 
digit delay is 71 ms. The amplitudes for the high and low fre- 
quencies are -4 dBm and ~6 dBm, respectively. 
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R96FT Auto Dial Sequence Flowchart 



2-59 



R96FT 



9600 bps Fast Train Modem 



POWER-ON INITIALIZATION 

When power is applied to the R96FT, a period of 50 to 350 ms 
is required for power supply settling. The power-on-reset signal 
(POR) remains low during this period. Approximately 10 ms after 
the low to high tran sition of POR, the modem is "ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below 3.5 Vdc for more than 30 msec, the POR cycle is 
generated. 

At POR time the modem defaults to the following configuration: 
fast train, V.29, 9600 bps, no echo protector tone, 1 700 Hz carrier 
frequency, scrambled ones segment disabled, serial data mode, 
interna! clock, cable equalizers disabled, transmitter digital delay 
equalizer disabled, link amplitude equalizer disabled, link delay 
equalizer disabled, transmitter output level set to - 1 dBm 
± 1 dB, interrupts disabled, receiver threshold set to -43 dBm, 
and train-on-data enabled. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or c onfigu ration. A low active pulse of 3 fisec or more 
applied to the POR pin causes the mode m to re set. The modem 
Is ready to be configured 10 msec after POR is removed. 

PERFORMANCE 

Whether functioning in V.27, V.29 or the proprietary fast train 
configurations, the R96FT provides the user with high 
performance. 



POLLING SUCCESS 

In the 9600 bps fast train configuration the modem approaches 
a 98% success rate over unconditioned 3002 lines for a signal- 
to-noise ratio of 26 dB, with a received signal level of - 20 dBm. 

BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem Is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal of - 20 dBm. 

PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10-^ or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15° 
peak-to-peak phase jitter at 150 Hz, or with a signal-to-noise ratio 
of 15 dB in the presence of 30* peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 

At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 20° peak-to-peak phase jitter at 30 Hz. 
Examples of the R96FT BER performance are shown below. The 
BER curves were prepared from data obtained using a TAS1010 
test system. 
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Typical BER Performance 
Back-to-Back, ~ 20 dBm Receive Signal Level 
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3002 Unconditioned Line, - 20 dBm Receive Signal Level 
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GENERAL SPECIFICATIONS 





Modem Power Requirements 




Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ O'C 


+ 5Vdc 
+ 12Vdc 
-12Vdc 


±5% 
±50/0 
±50/0 


550 mA 
20 mA 
50 mA 


700 mA 
30 mA 
80 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Modem Environmental Restrictions 



Parameter 



Specification 




Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 



0°C to +60°C (32<>F to 140°F) 

-40*0 to +80°0 (-40°F to 176°F) (Stored In heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35*0, whichever is less. 

-200 feet to +10,000 feet 



Modem Mechanical Considerations 



Parameter 


Specification 


DIN Connector Version 




Board Structure: 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. 




The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 




64-pin DIN vertical male, or 6 64-pin DIN vertical female. 


Mating Connector: 


Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating connector: 




Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1. or equivalent. 


Dimensions: 




Width 


3.937 in. (100 mm) 


Length 


4.725 in. (120 mm) 


Height (max.) 


0.30 In. (7.6 mm) 


Weight (max): 


3.6 oz. (100 g) 


Lead Extrusion (max.): 


0.100 in. (2.54 mm) 


DIP Connector Version 




Board Structure: 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 




Width 


3.937 in. (100 mm) 


Length 


3.228 in. (82 mm) 


Height (max.) 


0.30 in. (7.6 mm) above, 0.13 in. (3.30 mm) below 


Weight (max.): 


3.6 oz. (100 g) 


Pin Length (max.) 


0.53 in. (13.5 mm) 
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3.937 

(100) 
3.700 
(94) 



0.156 ±0.003 DIA (6 PL) 
(3.96) 



(3) ~| 
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(104) 



MALE 64-PIN 
DIN CONNECTOR 
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DIN CONNECTOR VERSION 



3.228 

(82) 
3.025 
(76.8) 



0.100 
(2.54) 

0.100 -» 

(2.54) 



0.250 
' (6.4) 



^lpOOOOOOOOOOOOOOOOOOOOOOOOOOOO(j) 



)000( )l )OOOOO0OOOO0OO0O0O0OO000d)O— 



^ 0.100 (TYP.) 



(2.54) 



3.725 



3.937 



(94.6) 



0.53 MAX 
[ (13.6) 



(100) 
0.025 so. PIN 
(0.64) (61 PL) 



0.100 DIA (3 PL) 
(2.54) 



dJ- 



I 0.075 
(1.9) 




0.300 MAX 
(7.6) 



A_ 



UNITS: 



INCHES 



1 0.130 
(3.3) 
COMPONENT AREA 



DIP CONNECTOR VERSION 



R96FT Modem Dimensions and Pin Locations 
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R96FT/SC 

9600 bps Fast Train Modem 

with Forward Secondary Channel 



INTRODUCTION 

The Rockwell R96FT/SC is a synchronous serial 9600 bps mod- 
em containing a 75 bps asynchronous FSK fon/vard channel. This 
modem is designed for multipoint and networking applications. 
The R96FT/SC allows full-duplex operation over 4-wire dedicated 
unconditioned lines, or half-duplex operation over the general 
switched telephone network. 

Proprietary fast train configurations provide training times of 
23 ms for V.29FT/9600/7200/4800, 22 ms for V.27FT/4800, and 
30 ms for V.27FT/2400. A 2400/4800 bps Gearshift configura- 
tion provides a training time of 10 ms. For applications requiring 
operation with international standards, fallback configurations 
compatible with CCITT Recommendations V.29 and V.27 bis/ter 
are provided. A 300 bps FSK configuration, compatible with 
CCITT V.21 Channel 2, is also provided. 

The small size and low power consumption of the R96FT/SC 
offer the user flexibility in formulating a 9600 bps modem de- 
sign customized for specific packaging and functional re- 
quirements. 

This data sheet corresponds to assembly number 
TR96-D500-021. 



FEATURES 

• Proprietary Fast Train 

• 75 bps Forward Channel 

• 2400/4800 bps Gearshift 

• User Compatibility: 

— CCITT V.29, V.27 bis/ter and V.21 Channel 2 

• Train on Data 

• Full-Duplex (4-Wire) 

• Half-Duplex (2-Wire) 

• Programmable Tone Generation 

• Dynamic Range -43 dBm to -5 dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Loopbacks 

— Local Analog (V.54 Loop 3) 

— Remote Analog (Locally Activated) 

— Remote Digital (Locally Activated V.54 Loop 2) 

• Small Size 

— 100 mm X 160 mm (3.94 in. x 6.3 In.) 

• Low Power Consumption 

— 4 watts, typical 

• Programmable Transmit Output Levels for Primary Channel 
and Forward Channel 

• TTL and CMOS Compatible 





R96FT/SC Modem 



Document No. 29200N13 



Data Sheet 
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TECHNICAL SPECIFICATIONS 
TRANSMITTER CARRIER FREQUENCIES 





Frequency 




(Hz ±0.01%) 


V.27 bis/ter Carrier 


1800 


V.27 FT Carrier 


1800 


2400/4800 bps Gearshift 


1800 


V.29 Carrier 


1700 


V.29 FT Carrier 


1700* 


V.21 Channel 2: 




Mark 


1650 


Space 


1850 



*1800 when used in conjunction with 75 bps Forward Channel. 

TONE GENERATION 

Under control of the host processor, the R96FT/SC can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 

SIGNALING AND DATA RATES 



Parameter 


Specification 
(±0.01%) 


Signaling Rate: 
Data Rate: 


2400 baud 
9600 bps, 
7200 bps, 
4800 bps 


Signaling Rate: 
Data Rate: 


1600 baud 
4800 bps 


Signaling Rate: 
Data Rate: 
Gearshift Data Rate: 


1200 baud 
2400 bps 
2400/4800 bps 


Signaling Rate: 
Data Rate: 


300 baud 
300 bps 


Signaling Rate: 
Data Rate: 


75 baud 
75 bps 



DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
is divided into three bits (tribits) forming an 8-polnt structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/ter. 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 

For the Gearshift Configuration, the signaling rate is 1 200 baud. 
The 2400 bps data stream is encoded into dibits forming a 4-point 
structure, and the 4800 bps data stream is encoded into quad- 
bits forming a 1 6-point structure. The first 32 bauds of data are 
transmitted at 2400 bps and the remaining message is trans- 
mitted at 4800 bps. 

At 300 baud, the 300 bps data stream Is encoded per CCITT 
V.21 channel 2 into a mark frequency of 1650 Hz and a space 
frequency of 1850 Hz. 

At 75 baud, the 75 bps data stream is encoded to a mark fre- 
quency of 356 Hz and a space frequency of 300 Hz. 

EQUALIZERS 

The R96FT/SC provides equalization functions that improve per- 
formance when operating over low quality lines. 

Cable Equalizers — Selectable compromise cable equalizers in 
the receiver and transmitter are provided to optimize performance 
over different lengths of non-loaded cable of 0.4 mm diameter. 



Link Equalizers ~ Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-llnk. 

Automatic Adaptive Equalizer -^ An automatic adaptive T 
equalizer is provided in the receiver circuit. 

TRANSMITTED DATA SPECTRUM 

If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1 . 1200 Baud. Square root of 90 percent. 

2. 7600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

NOTE 
When used with the 75 bps Fonvard Channel the 
2400 Baud filter is narrower. 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The R96FT/SC incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 bis/ter 
or V.29 depending on the selected configuration. 

The scrambler/descrambler facilities for Gearshift can be 
selected to be in accordance with either V.27 bis/ter or V.29. 
The scrambler/descrambler selection is made by writing the 
appropriate configuration codes into the transmitter and receiver. 

RECEIVED SIGNAL 
FREQUENCY TOLERANCE 

The receiver circuit of the R96FT/SC can adapt to received 
frequency error of up to ± 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 

During fast train polling, frequency offset must be less than 
± 2 Hz for successful training. 

RECEIVE LEVEL 

The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from -5 dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog Input (RXA). 

RECEIVE TIMING (Synchronous Configurations) 

The R96 FT/SC provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low-to-high 
transitions of this output coincide with the centers of received 
data bits. For the Gearshift Configuration, the first 32 bauds of 
data are at 2400 bps followed by 4800 bps data for the remain- 
ing message. The timing recovery circuit is capable of tracking 
a ± 0.0 1% freq uency error in the associated transmit timing 
source. RDCLK duty cycle Is 50% ± 1 %. 

TRANSMIT LEVEL 

The main channel output level is accurate to ± 1 .0 dB and Is 
programmable from - 1.0 dBm to - 15.0 dBm in 2 dB steps. 

The fonfl/ard channel transmit level is set relative to the main 
channel as -6dB, -lOdB, -14dB, or -18dB. 

TRANSMIT TIMING (Synchronous Configurations) 

The R96FT/SC provides a Transmit Data Clock (TDCLK) out- 
put with the following characteristics: 

1 . Frequency. Selected data rate of 9600, 7200, 4800, 2400 or 
300 Hz (±0.01%). For the Gearshift Configuration, TDCLK 
is a 2400 Hz clock for the first 32 bauds of data, and a 
4800 Hz clock for the remaining message. 

2. Duty Cycle. 50% ±1% 
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Input data presented on TXD is sampled by the R96FT/SC at 
the low-to-high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 

EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate ±0.01% with a duty cycle of 50% ±20%. 

TRAIN ON DATA 

When train on data is enabled (by setting a bit in the interface 
memory), the modem monitors the EQM signal. If EQM indicates 
a loss of equalization (i.e., BER approximately 10~^ for 
0.5 seconds) the modem attempts to retrain on the data stream. 
The time for retrain is typically 3 to 1 5 seconds. 

TURN-ON SEQUENCE 

A total of 20 selectable turn-on sequences can be generated 
as defined in the following table: 



















V.27 




RTS-CTS 






V.29 


bis/ter 


Gearshift 


Response Time 




No. 


(bps) 


(bps) 


(bps) 


(milliseconds) 


Comments 


1 


FT/9600 






23 




2 


FT/7200 






24 


Proprietary 


3 


FT/4800 






23 


Fast Train 


4 




FT/4800 




22 




5 




FT/2400 




30 




6 


9600 






253 




7 


7200 






253 




8 


4800 






253 




9 




4800 long 




708 




10 




2400 long 




943 




11 




4800 short 




50 




12 




2400 short 




67 




13 






2400/4800 


10 




14 


9600 






438 


Preceded^ 


15 


7200 






438 


by Echo 


16 


4800 






438 


Protector 


17 




4800 long 




913 


Tone for 


18 




2400 long 




1148 


lines using 


19 




4800 short 




255 


echo 


20 




2400 short 




272 


suppressors. 


1 . For short echo protector tone, sut 


>tract 155 ms from values of 


RTS-CTS response time. 




2. V.21 (300 bps FSK) RTS-CTS res 


ponse time is <35 ms. 


3. 75 bps forward channel SCRTS-S 


CCTS response time is 


< 500 ms. 





TURN-OFF SEQUENCE 

For V.27bis/ter, V.27FT and 2400/4800 bps Gearshift config- 
urations, the turn-off sequence consists of approximately 10 ms 
of remaining data and scrambled ones followed by a 20 ms 
period of no transmitted energy (V.27 bis/ter only). For V.29 and 
V.29FT, the turn-off sequence consists of approximately 8 ms 
of remaining data and scrambled ones. 

CLAMPING 

Received Data (RXD) is clamped to a constant mark (one) when 
the Received Line Signal Detector (RLSD) is off. 



RESPONSE TIMES OF CLEAR TO SEND (CTS) 

The t ime between the off-to-on transition of Request To Se nd 
(RTS) and the off-to-on transition of Clear to Send (CTS) is 
dictated by the length of the training sequence and the echo 
protector tone, if used. These times are giv en in the Turn-On 
Sequences table. If training is not enabled, RTS/CTS delay is 
less than 2 baud times. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 

RESPONSE TIMES OF FO RWARD CHANNEL 
CLEAR TO SEND (SCOTS) 

SCRTS/SCCTS response times vary according to the transmit 
level set by the SCTLVL field. 




SCTLVL 


TX Level 


SCOTS Response Time 


(0:9:0-1) 


Relative to Primary 


(ms) 





-6dB 


378 


1 


-10 dB 


238 


2 


-14dB 


150 


3 


-18 dB 


95 



RECEIVE LINE SIGNAL DETECTOR (RLSD) 
Response 

For Fast Train and Gearshift configurations, the receiver enters 
the training state upon detecting a significant increase in the 
received signal power. If the received line signal power is greater 
than the selected threshold level at the end o f the training state, 
the receiver enters the data state and RLSD is activated. If the 
received line signal power is less than the selected threshold 
level at the en d of the training state, the receiver returns to the 
idle state and RLSD is not activated. 

Also, in Fast Train and Gearshift configurations, the receiver 
initiates the turn-off delay upon detecting a significant decrease 
in the received signal power. If the received signal power is less 
than the selected threshold at the end of the turn-off delay, the 
receiver enters the idle state and RLSD is deactivated. If the 
received signal power is greater than the selected threshold at 
the end of t he turn-off delay, the receiver returns to the data state 
and RLSD is left active. 

For CCITT configurations, the receiver enters the training 
detection state when the r eceive d line signal power crosses the 
selected threshold level. RLSD is activated at the end of the 
training sequen ce. For V .21 Channel 2, a sep arate received line 
signal detector (FRLSD) is provided. FRLSD is activated when 
energy abo ve -43 d Bm is present at the receiver's audio input 
(RXA). The FRLSD off-to-on response time is 15 ±5 ms and 
the on-to-off response time is 25 ± 5 ms. 



The RLSD on-to-off response times are: 



Configuration 


Response Time (ms) 


V.29 Fast Tram 


6.5 ±1 


V.27 Fast Train 


8 ±1 


Gearshift 


6 ±1 


V.29 


30 ±9 


V.27 bis/ter 


10 ±5 



RLSD response t imes a re measured with a signal at least 3 dB 
above the act ual RLSD on threshold or at least 5 dB below the 
actual RLSD off threshold. 
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Threshold Options 

Four threshold options are provide d: 

1. Greater than -43 dB m (RLS D on) 
Less than -48 dBm (RL SD off ) 

2. Greater than -33 dB m (RLS D on) 
Less than -38 dBm (RL SD off ) 

3. Greater than - 26 dB m (RLS D on) 
Less than -31 dBm (RL SD off ) 

4. Greater than - 16 dB m (RLS D on) 
Less than -21 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

For CCITT configurations, a minimum hysteresis action of 2 dB 
exists between the actual off-to-on and on-to-off transition levels. 
The threshold levels and hysteresis action are measured with 
unmodulated 2100 Hz tone applied to the receiver's audio input 
(RXA). 



Threshold 



FORWARD CHANNEL SIGNAL DETECTOR (SCRLSD) 
Response 



Signal Level 


SCRLSD Turn-On (ms) 


SCRLSD Turn-Off (ms) 


-7 dBm 


140±10 


aooiio 


-48 dBm 


340 ±10 


550 ±10 



The SCRLSD Turn-On threshold is - 54 dBm. The SCRLSD 
Turn-Off threshold is -58 dBm. 

MODES OF OPERATION 

The R96FT/SC is capable of being operated in either a serial 
or a parallel mode of operation. 

SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the Functional Interconnect Diagram) illustrates this capability. 

PARALLEL MODE 

The R96FT/SC has the capability of transferring channel data 
(up to eight bits at a time) via the microprocessor bus. 

MODE SELECTION 

For the transmitter, a control bit determines whether the source 
of transmitted data is the V.24 interface (serial mode) or the 
parallel transmitter data register (parallel mode). The transmitter 
automatically defaults to the serial mode at power-on. 

The receiver simultaneously outputs received data via the V.24 
Interface and the parallel receiver data register. 

In either parallel or serial mode the R96FT/SC is configured by 
the host processor via the microprocessor bus. 
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INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specif- 
ic bits in a 48-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, includ- 
ing the microprocessor interface, are listed in the R96FT/SC 
Hardware Circuits table. In the table, the column titled Type' 
refers to designations found in the Hardware Circuit Characteris- 
tics. The microprocessor interface is designed to be directly com- 
patible with an 8080 microprocessor. With the addition of a few 
external logic gates, it can be made compatible with 6500, 6800, 
or 68000 microprocessors. 

R96FT/SC Hardware Circuits 



1 Name 


Type 


Pin No. 1 Description 


' A. OVERHEAD: 


Ground (A) 
Ground (D) 
+ 5 volts 
+ 12 volts 
-12 volts 
POR 


AGND 
DGND 
PWR 
PWR 
PWR 
I/OB 


310,320 

3O,8O,5A,10A 

190,230,260,300 

15A 

12A 

130 


Analog Ground Return 
Digital Ground Return 
+ 5 Vdc supply 
+ 12 Vdc supply 
-12 Vdc supply 
Power-on-reset 


B. MICRC 


)PROC 


ESSOR INTERFACE: 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

RS3 

RS2 

RS1 

RSO 

080 

081 

082 

READ 


l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 

lA 

lA 

lA 

lA 

lA 

lA 

lA 

lA 
lA 
OB 


10 n 

1A 

20 

2A 

3A 

40 

4A 

50 -i 

60 " 

6A 

70 

7A ^ 

100 
90 
9A 
120 




Data Bus (8 Bits) 

Register Select (4 Bits) 

Ohip Select- 
Transmitter Device 

Ohip Select— Receiver 
Sample Rate Device 

Ohip Select— Receiver 
Baud Rate Device 

Read Enable 

Wnte Enable 

Interrupt Request 


WRITE 
IRQ 


11A 
110 


C. V.24 IN 


TERFA 


CE: 1 


RDOLK 
TDOLK 
XTOLK 
318 

TXD 
RXD 
RLSD 


00 
00 
IB 
IB 
00 
IB 
00 
00 
IB 
00 
IB 
OD 
OD 


21A 
23A 
22A 
25A 
250 
240 
220 
24A 
210 
20A 
19A 
200 
ISA 


Receive Data Clock 
Transmit Data Clock 
External Transmit Clock 
Request to Send 
Clear to Send 
Transmitter Data 
Receiver Data 

Received Line Signal Detector 
Forward Channel RTS 
Forward Channel CTS 
Forward Channel TXD 
Forward Channel RLSD 
Forward Channel RXD 


SORTS 


SOOTS 
SOTXD 
SORLSD 
SORXD 


D. ANCILL 


.ARYC 


IRCUITS: 1 


RBOLK 
TBOLK 
FRXD 


00 
00 
OD 

OD 


26A 
270 
16A 

170 


Receiver Baud Clock 
Transmitter Baud Clock 
F8K Receiver Data 

(inverted data) 
FSK Received Line Signal 

Detector 


FRL8D 


E. ANALO 


GSIGr 


JALS: 1 


TXA 
RXA 
AUXIN 


AA 
AB 
AO 


31A 
32A 
30A 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 



R96FT/SC Hardware Circuits (Continued) 



Name | Type 


Pin No. 


Description 


F. DIAGNOSTIC: 


EYEX 
EYEY 
EYECLK 
EYESYNC 


00 
00 
OA 
OA 


150 
14A 
14C 
13A 


Eye Pattern Data— X Axis 
Eye Pattern Data— Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing Signal 


Unused inputs tied to 
series resistors. 


+ 5V or ground require individual 10KO 



Eye Pattern Generation 

The four hardware diagnostic circuits, identified in the preceding 
table, allow the user to generate and display an eye pattern. 
Circuits EYEX and EYEY serially present eye pattern data for 
the horizontal and vertical display inputs respectively. The 8-bit 
data words are shifted out most significant bit first, clocked by 
the rising edge of the EYECLK output. The EYESYNC output 
is provided for word synchronization. The falling edge of 
EYESYNC may be used to transfer the 8-bit word from the shift 
register to a holding register. Digital to analog conversion can 
then be performed for driving the X and Y inputs of an 
oscilloscope. 

Microprocessor Timing 




TCS -*- 



CSi 
(i = 0-2) 



WRITE 



TCS H 



READ 



Dl 
(I = 0-7) ■ 






( 



U TCH TCS *► 



\ 



-* TCH TCS * 



*- r'-TCH 



-^ ^ W TCH 



U^ 



-^ TWR 



-^ TDH -♦ 



-*- TWDS 



kTWDH 



Microprocessor Interface Timing Diagram 
Critical Timing Requirements 



Characteristic 


Symbol 


Min 


IVIax 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




nsec 


Data access time after Read 


TDA 





140 


nsec 


Data hold time after Read 


TDH 


10 


50 


nsec 


CSi, RSi hold time after 










Read or Write 


TCH 


10 


— 


nsec 


Write data setup time 


TWDS 


75 


— 


nsec 


Wnte data hold time 


TWDH 


10 


— 


nsec 


Write strobe pulse width 


TWR 


75 




nsec 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


10 


OA 


OB 


GO 


CD 


I/O A 


i/OB 


V,H 


Input Voltage, High 


V 


2.0 Min. 


2.0 Min. 


2.0 Min. 










2.0 Min. 


5.25 Max. 
2.0 Min. 


V,L 


Input Voltage, Low 


V 


0.8 Max. 


0.8 Max. 


0.8 Max. 










0.8 Max. 


0.8 Max. 


VOH 


Output Voltage, High 


V 








2.4 Min.i 






2.2 Min. 6 


2.4 Min.i 


2.4 Min.3 


Vol 


Output Voltage, Low 


V 








0.4 Max.2 


0.4 Max.2 


0.4 Max.2 


0.6 Max.7 


0.4 Max.2 


0.4 Max.5 


l|N 


Input Current, 
Leakage 


mA 


±2.5 Max. 














±2.5Max.4 




lOH 


Output Current, High 


mA 








-0.1 Max. 












•OL 


Output Current, Low 


mA 








1.6 Max. 


1 .6 Max. 


1.6 Max. 








II 


Output Current, 
Leakage 


(lA 










±10 Max. 










lp<l 


Pull-up Current 






-240 Max. 


-240 Max. 






-240 Max. 






-260 Max. 




(Short Circuit) 


M 




-10 Min. 


-10 Min. 






-10 Min. 






-100 Min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 










10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 




100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open-Drain 
w/Pull-up 


TTL 


3-State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


1. ILoad = -WOfiA 

2. 1 Load = 1 .6 mA 

3. ILoad = -40,iA 

4. V,N = 0.4 to 2.4 Vdc, Vqc = 5.25 


Vdc 




5. 1 

6. 1 

7. 1 


Load = 0.36 mA 
Load = -400/tA 
Load = 2.0 mA 







Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 
AUXIN 


AA 
AB 
AC 


The transmitter output impedance is 604 ohms 
±1% 

The receiver input impedance is 60K ohms 
±23%. 

The auxiliary analog input allows access to the 
transmitter for the purpose of interfacing with 
user provided equipment. Because this is a 
sampled data input, any signal above 4800 Hz 
will cause aliasing errors. The input impedance 
is IK ohms, and the gain to transmitter output is 
TLVL setting +0.6 dB - 1 .4 dB. If unused, this 
input must be grounded near the modem 
connector. If used, it must be driven from a low 
impedance source. 



SOFTWARE CIRCUITS 

The R96FT/SC confiprises three signal processor chips. Each 
of these chips contains 16 registers to which an external (host) 
microprocessor has access. Altliough these registers are within 
the modem, they may be addressed as part of the host 
processor's memory space. The host may read data out of or 
write data Into these registers. The registers are referred to as 
Interface memory. Registers in chip 1 update at half the modem 
sample rate (4800 bps). Registers in chip and 2 update at the 
selected baud rate. 



When information in these registers is being discussed, the 
format Y:Z:Q is used. The chip is specified by Y(0-2), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). 



Status Control Bits 

The operation of the R96FT/SC is affected by a number of soft- 
ware control inputs. These inputs are written Into registers within 
the interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. All status 
and control bits are defined in the Interface Memory table. Bits 
designated by a dash (— ) are reserved for modem use only and 
must not be changed by the host. 



RAM Data Access 

The R96FT/SC provides the user with access to much of the 
data stored in the modem's memories. This data is useful for 
performing certain diagnostic functions. 

Two RAM access registers in chip 2 allow user access to RAM 
locations via the X word registers (2:3 and 2:2) and the Y word 
register (2:1 and 2:0). The access code stored In RAM ACCESS 
X (2:5) selects the source of data for RAM DATA XM and RAM 
DATA XL (2:3 and 2:2). Similarly, the access code stored in RAM 
ACCESS Y (2:4) selects the source of data for RAM DATA YM 
and RAM DATA YL (2:1 and 2:0). 
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Reading of diagnostic RAM data is performed by storing the 
necessary access codes in 2:5 and 2:4, reading 2:0 to reset tiie 
associated data available bit (2:E:0), tlien waiting for the data 
available bit to return to a one. Data is now valid and may be 
read from 2:3 through 2:0. 

An additional diagnostic is supplied by the sample rate proc- 
essor (chip 1). Registers 1 :2 and 1 :3 supply a 16 bit AGC Gain 
Word. These two diagnostic data registers are updated at the 
sample rate during the data state and may be read by the host 
processor asynchronously. 



RAM Access Codes 

The RAM access codes defined in the following table allow the 
host processor to read diagnostic information within the modem. 



Baud Rate Processor (Chip 2) RAM Access Codes 



No. 


Function 


X Access 


Y Access 


Register 


1 


Equalizer Input 


CO 


40 


0,1,2,3 


2 


Equalizer Tap Coefficients 


81 -AG 


01-20 


0,1,2,3 


3 


Unrotated Equalizer Output 


El 


61 


0,1,2,3 


4 


Rotated Equalizer Output 


E2 


62 


0,1,2,3 


5 


Decision Points 
(Ideal Data Points) 


E8 


68 


0,1,2,3 


6 


Error Vector 


E5 


65 


0,1,2,3 


7 


Rotation Angle 


A7 


Not Used 


2,3 


8 


Frequency Correction 


A5 


Not Used 


2,3 


9 


Eye Quality Monitor (EQM) 


AC 


Not Used 


2,3 





Receiver interface Memory Chip 1 (CS1) 




\^BIt 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


— 


— 


— 


— 


- 


— 


— 


— 


E 


RIA 


— 


— 


— 


RSB 


RIE 


— 


RDA 


D 


— 


— 


— 


— 


— 


— 


— 


— 


C 


— 


— 


— 


— 


- 


— 


— 


— 


B 


— 


— 


— 


— 


— 


— 


— 


— 


A 


— 




— 


— 


— 


— 


— 


— 


9 


— 


FED 


— 


— 


— 


CDET 


— 


— 


8 


— 


— 


— 


— 


P2DET 


- 


— 


— 


7 


RTH 


DDIS 


— 


— 


SCEN 


RDIS 


— 


6 


TOD 


RECEIVER CONFIGURATION 


5 


— 


— 


— 


— 


- 


— 


— 


— 


4 


— 


— 


— 


— 


— 


— 


— 


— 


3 


AGC GAIN WORD (MSB) 


2 


AGC GAIN WORD (LSB) 


1 


_|_|_|_|_|_|_|_ 





RECEIVER DATA 


Register^ 
/^it 


7 


6 


5 


4 


3 


2 


1 





NOTE 

(— ) indicates reserved for modem use only. 



Transmitter Interface Memory Chip (CSO) 




\Bit 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


— 


— 


— 


— 


— 


— 


— 


— 


E 


TIA 


— 


— 


- 


TSB 


TIE 


— 


TBA 


D 


— 


— 


— 


- 


— 


— 


— 


— 





— 


— 


— 


— 


— 


— 


— 


— 


B 


- 


— 


— 


- 


— 


— 


— 


— 


A 


— 


— 


— 


- 


— 


— 


— 


— 


9 


FSKT 


ASCR 


PCF 


SORTS 


OF 


DDEE 


SCTLVL 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


RTS 


TTDIS 


SDIS 


MHLD 


EPT 


TPDM 


XCEN 


SEPT 


6 


TRANSMITTER CONFIGURATION 


5 


— 


— 


CEO 1 LAEN 1 LDEN 


A3L 


DSL 


4 


L3ACT 


L4ACT 


L4HG 1 TLVL 


L2ACT 


LCEN 


3 


FREQM 


2 


FREQL 


1 


_|_|_|__ _|__ 





TRANSMITTER DATA 


Register 
//sit 


7 


6 


5 


4 


3 


2 


1 





NOTE 

(— ) indicates reserved for modem use only 


Receiver Interface Memory Chip 2 (CS2) 


\^^Bit 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


— 


- 


— 


- 


— 


— 


— 


— 


E 


RBIA 


— 


— 


— 


— 


RBIE 


— 


RBDA 


D 


— 


— 


— 


— 


— 


— 


— 


— 


C 


— 


— 


— 


- 


— 


— 


— 


— 


B 


— 


— 


— 


- 


— 


— 


— 


— 


A 


— 


— 


— 


— 


— 


— 


— 


— 


9 


— 


— 


— 


— 


— 


— 


— 


— 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


— 


— 


— 


- 


— 


— 


— 


— 


6 


— 


— 


— 


— 


— 


— 


— 


— 


5 


RAM ACCESS X 


4 


RAM ACCESS Y 


3 


RAM DATA XM 


2 


RAM DATA XL 


1 


RAM DATA YM 





RAM DATA YL 


Register 
/Bit 


7 


6 


5 


4 


3 


2 


1 





NOTE 

(— ) indicates reserved for modem use only. 
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R96FT/SC Interface Memory Definitions 



Mnemonic 



Name 



{Memory 
Location 



Description 



ASCR 



A3L 



CDET 



CEQ 



Append Scrambled 
Ones 



Amplitude 3-Link 
Select 

Carrier Detector 



Cable Equalizer 
Field 



CF 



DDIS 

D3L 
EPT 



(None) 



Carrier Frequency 

Digital Delay 
Equalizer Enable 

Descramble Disable 

Delay 3-Link Select 

Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



0:9:6 



0:5:1 



1:9:2 



0:5: (4,5) 



0:9:3 

0.9 2 

1.7-5 

0:5.0 
0:7:3 



0:2:0-7, 
0.3:0-7 



When control bit ASCR is a one, one b aud of scr ambled marks is included in the V.29FT 
and V.27FT training sequences. The RTS-CTS delay is thus extended by one 
baud period when ASCR is a one 

See LAEN 



When zero, status bit CDET indicates that passband energy is being detected, and 
that a training sequence is not in process. CDET goes to a zero a t the s tart of the 
data state, and retu rns to a one at the end of the received signal. C DET a ctivates up to 
1 baud time before RLSD and deactivates within 2 baud times after RLSD. 

The CEQ Control field simultaneously controls amplitude compromise equalizers in both 
the transmit and receive paths. The following table lists the possible cable equalizer 
selection codes: 



CEQ 


1 
2 
3 



Cable Length (0.4 mm diameter) 

0.0 

1 .8 km 
3.6 km 
7.2 km 



When control bit CF is a one, the transmitter carrier frequency for V.29FT changes from 
1700 Hz to 1800 Hz. 

When control bit DDEE is a one, a fourth order digital delay equalizer is inserted in the 
transmit path. 

When control bit DDIS is a one, the receiver descrambler circuit is removed from the 
data path 

See LDEN 

When control bit EPT is a one, an unmodulated carrier is transmitted for 185 ms 
(optionally 30 ms) followed by 20 ms of no transmitted energy at the start of 
transmission. This option is available in the V.27 and V 29 Configurations, although it is 
not specified in the CCITT V 29 recommendation. 

When status bit FED is a zero, it indicates that energy above the receiver threshold is 
present in the passband 

The host processor conveys tone generation data to the transmitter by writing a 16-bit 
data word to the FREQL and FREQM registers in the interface memory space, as 
shown below 

FREQM Register (0:3) 



Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


FREQL Register (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01% 

Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are 
given below: 

Frequency (Hz) FREQM FREQL 

462 OC 52 

1100 ID 55 

1650 2C 00 

1850 31 55 

2100 38 00 
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R96FT/SC interface Memory Definitions (Continued) 



ll/lnemonic 


Name 


{Memory 
Location 


Description 


FSKT 


FSK Transmitter 
Configuration 


0:9:7 


The V.21 Channel 2 (300 bps synchronous FSK) transmitter configuration Is selected by 
setting the FSKT control bit to a one (see TSB). While set to a one, this control bit 
overrides the configuration selected by the control code in register 0:6. The FSK data 
may be transmitted in parallel mode or in serial mode (see TPDM). 


LAEN 


Link Amplitude 
Equalizer Enable 


0-5:3 


The link amplitude equalizer enable and select bits control an amplitude compromise 
equalizer in the receive path according to the following table: 

LAEN A3L Curve IMatched 

X No Equalizer 

1 U.S. Survey Long 
1 1 Japanese 3-Link 


LCEN 


Loop Clock Enable 


0:4:0 


When control bit LCEN is a one, the transmitter clock tracks the receiver clock. 


LDEN 


Link Delay 
Equalizer Enable 


0:5:2 


The link delay equalizer enable and select bits control a delay compromise equalizer in 
the receive path according to the following table: 

LDEN DSL Curve IMatched 

X No Equalizer 

1 U.S. Survey Long 
1 1 Japanese 3-Link 


L2ACT 


Remote Digital 
Loopback Activate 


0:4:1 


When control bit L2ACT is a one, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT Recommendation V.54 loop 2. 


L3ACT 


Local Analog Loop- 
back Activate 


0:4:7 


When control bit L3ACT is a one, the transmitter analog output is coupled to the 
receiver analog input through an attenuator in accordance with CCITT Recommendation 
V.54 loop 3. 


L4ACT 


Remote Analog 
Loopback Activate 


0:4:6 


When control bit L4ACT is a one, the receiver analog input is connected to the trans- 
mitter analog output through a variable gain amplifier in a manner similar to CCITT 
Recommendation V.54 loop 4. 


UHG 


Loop 4 High Gain 


0:4:5 


When control bit L4HG is a one, the loop 4 variable gain amplifier is set for +16 dB, 
and when at zero the gain is zero dB. 


MHLD 


Mark Hold 


0:7:4 


When control bit MHLD is a one, the transmitter input data stream is forced to ail 
marks (ones). 


PCF 


Primary Channel 
Filter 

Period 2 Detector 


0:9:5 
1:8:3 


When control bit PCF is a one, the 2400 baud primary channel transmitter filter is set to 
a narrower bandwidth than normal. 


P2DET 


When status bit P2DET is a zero, it indicates that a period 2 sequence has been 
detected. This bit sets to a one at the start of the period N sequence. This bit is only 
significant for CCITT V.29 and V.27 bis/ter configurations. 


(None) 


RAM Access X 


2:5:0-7 


Contains the RAM access code used in reading chip 2 RAM locations via word X (2:3 
and 2:2). 


(None) 


RAM Access Y 


2:4:0-7 


Contains the RAM access code used in reading chip 2 RAM locations via word Y (2:1 
and 2:0). 


(None) 


RAM Data XL 


2:2:0-7 


Least significant byte of 16-bit word X used in reading RAM locations in chip 2. 


(None) 


RAM Data XM 


2:3:0-7 


Most significant byte of 16-bit word X used in reading RAM locations in chip 2. 


(None) 


RAM Data YL 


2:0:0-7 


Least significant byte of 16-bit word Y used in reading RAM locations in chip 2. 


(None) 


RAM Data YM 


2-1:0-7 


Most significant byte of 16-bit word Y used in reading RAM locations in chip 2. 


RBDA 


Receiver Baud 
Data Available 


2:E:0 


Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit 
goes to a zero when the host processor reads data from register 2:0. 


RBIA 


Receiver Baud 
Interrupt Active 


2:E:7 


This status bit is a one whenever the receiver baud rate device Is driving IRQ low. 


RBIE 


Receiver Baud 
Interrupt Enable 


2:E:2 


When the host processor writes a one in the RBIE control bit, the IRQ line of the hard- 
ware interface is driven to zero when status bit RBDA is a one. 
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R96FT/SC Interface Memory Definitions (Continued) 



Mnemonic 



Name 



IMIemory 
Location 



Description 



(None) 



Receiver 
Configuration 



(None) 

RDA 
RDIS 

RIA 
RIE 
RSB 

RTH 



Receiver Data 



Receiver Data 
Available 

Receiver Disable 



Receiver Interrupt 
Active 

Receiver Interrupt 
Enable 

Receiver Setup Bit 



Receiver Threshold 
Field 



1:0:0-7 



1:E:0 



1:E:7 



1:E:2 



1:E:3 



1:7:6,7 



The host processor configures the receiver by writing a control code into the receiver 
configuration field in the interface memory space (see RSB). 

Note: The receiver must be disabled prior to changing configurations. See RDIS. 

Receiver Configuration Control Codes 

Control codes for the modem receiver configuration are: 



Configuration 


Configuration Code (Hex) 


V29 


V27 bis/ter 


FT/9600 
FT/7200 
FT/4800 


FT/4800 
FT/2400 


1C 
1A 
19 
OA 
09 


9600 
7200 
4800 


4800 long 
2400 long 
4800 short 
2400 short 


14 
12 
11 
22 
21 
02 
01 


2400/4800 bps Gearshift/V.29 descrambier 
2400/4800 bps Gearshift/V.27 bis/ter descrambier 


611 
411 


V.21 Channel 2 


See Note 2 


1. The Receiver Configuration code automatically changes from a hex 61 (or hex 41) 
to a hex 64 (or hex 44) when the receiver transitions from the 2400 bps data state 
to the 4800 bps data state. 


2. The FSK receiver is active at all times. Two ancillary hardware circuits, FRLSD 
and FRXD, are supplied for FSK message reception. FRLSD is described under 
the Received Line Signal Detector section. FRXD provides inverted FSK received 
data. Timing extraction must be performed on the FRXD signal externally as no 
FSK receiver data clock is provided by the R96FT/SC. 



The host processor obtains channel data from the receiver in the parallel data mode by 
reading a data byte from the receiver data register. The data is divided on baud boun- 
daries as is the transmitter data 

Status bit RDA goes to a one when the receiver writes data to register 1 : 0. RDA goes 
to a zero when the host processor reads data from register 1 : 0. 

When control bit RDIS is a one, the receiver is disabled, RLSD is turned off and RXD 
is clamped to all marks. This bit can be used to squelch the receiver during half duplex 
transmissions over two wires. This bit must be set to a one prior to changing the 
receiver configuration. 

This status bit is a one whenever the receiver sample rate device is driving IRQ to zero. 

When the host processor writes a one in the RIE control bit, the IRQ line of the 
hardware interface is driven to zero when status bit RDA is a one. 

When the host processor changes the receiver configuration, the FSKR bit or the RTH 
field, the host processor must write a one in the RSB control bit. RSB goes to zero 
when the changes become effective. 

The receiver energy detector threshold is set by the RTH field according to the follow- 
ing codes (see RSB): 



RTH 


1 
2 
3 



RLSD On 

>-43 dBm 
>-33 dBm 
>-26 dBm 
>-16 dBm 



RLSD Off 

< - 48 dBm 

< - 38 dBm 
<-31 dBm 
<-21 dBm 
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R96FT/SC Interface Memory Definitions (Continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


RTS 


Request-to-Send 


0:7:7 


When control bit RTS goes to a one, the modem begins a transmit sequence. It con- 
tinues to transmit until RTS is reset to zero, and the turn-off sequence has been com- 
pleted. This input bit parallels the operation of the hardware RTS control input. 
These inputs are ORed by the modem. 


SCEN 


Forward Channel 
Enable 


1:7:2 


When control bit SCEN is a one, the forward channel demodulator is enabled and the 
primary channel receiver carrier frequency is changed from 1700 to 1800 Hz in V.29 FT 
configurations. 


SORTS 


Forward Channel 
Request-to-Send 


0:9:4 


W 
qt 

IS 


hen control bit SORTS is a one, the modem begins a forward channel transmit se- 
ence. Transmission continues until SORTS is a zero. SORTS in the interface memory 


ORed with signal SORTS on 


the card connector 


SCTLVL 
SDIS 


Forward Channel 
Transmit Level 

Scrambler Disable 


0:9:0-1 
0:7:5 


The forward channel transmit level is set relative to the main channel transmit level by 
the following SCTLVL codes: 






SCTLVL 
Code 


Forward Channel Transmit 
Level Relative to Primary Channel 





1 
2 
3 


-6dB 
-lOdB 
-14dB 
-18dB 


When control bit SDIS is a one, the transmitter scrambler circuit is removed from the 
data path. 




SEPT 


Short Echo 
Protector Tone 


0:7:0 


When control bit SEPT is a one, the echo protector disable tone is 30 ms long rather 
than 185 ms. (See TSB.) 


TBA 


Transmitter Buffer 
Available 


0:E:0 


This status bit resets to zero when the host processor writes data to transmitter data 
register 0. When the transmitter empties register 0:0, this bit sets to a one. 


TIA 


Transmitter Inter- 
rupt Active 


0:E:7 


This status bit is a one whenever the transmitter is driving IRQ to a zero. 


TIE 


Transmitter Inter- 
rupt Enable 


0:E:2 


When the host processor writes a one in control bit TIE, the IRQ line of the hardware 
interface is driven to zero when status bit TBA is at a one. 


TLVL 


Transmitter Level 


0:4:2-4 


The transmitter analog output level is determined by eight TLVL codes, as follows: 




Field 




TLVL Transmitter Analog Output* 

-1 dBm ±1 dB 

1 -3 dBm ±1 dB 

2 -5 dBm ±1 dB 

3 -7 dBm ±1 dB 

4 -9 dBm ±1 dB 

5 -11 dBm ±1 dB 

6 -13 dBm ±1 dB 

7 -15 dBm ±1 dB 
*Each step above is a 2 dB change ±0.2 dB. 


TOD 


Train-On-Data 


1:6:7 


When control bit TOD is a one, it enables the train-on-data algorithm to converge the 
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still 
recognizes a training sequence and enters the force train state. A BER of approximately 
10-3 for 0.5 seconds initiates train-on-data. 


TPDM 


Transmitter Parallel 
Data Mode 


0:7:2 


When control bit TPDIVI is a one, the transmitter accepts data for transmission from the 
transmitter data register (0:0) rather than the serial hardware data input. 
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R96FT/SC interface Memory Definitions (Continued) 



IMnemonic 



Name 



Memory 
Location 



Description 



(None) 



Transmitter 
Configuration 



0:6:0-7 



(None) 



Transmitter Data 



0:0:0-7 



TSB 



TTDIS 



XCEN 



Transmitter Setup 
Bit 



Transmitter Train 
Disable 



External Clock 
Enable 



0:E:3 



0:7:6 



The host processor configures the transmitter by writing a control byte into the transmit- 
ter configuration register in its interface memory space. (See TSB.) 

Transmitter Configuration Control Codes 

Control codes for the modem transmitter configurations are: 



Configuration 


Configuration Code (Hex) 


V29 


V27 bis/ter 


FT/9600 
FT/7200 
FT/4800 


FT/4800 
FT/2400 


1C 
1A 
19 
OA 
09 


9600 
7200 
4800 


4800 long 
2400 long 
4800 short 
2400 short 


14 
12 
11 
22 
21 
02 
01 


2400/4800 bps Gearshift/V.29 Scrambler 
2400/4800 bps Gearshift/V.27 bis/ter Scrambler 


61 
41 


V.21 Channel 2 


See FSKT 


Tone transmit 


80 



The host processor conveys output data to the transmitter in the parallel mode by 
writing a data byte to the transmitter data register. The data is divided on baud boun- 
daries, as follows: 

Note: Data is transmitted bit zero first. 



Configuration 


Bits 


7 1 6 1 5 4 


3 1 2 I 1 1 


V.29 9600 bps 


Baud 1 


BaudO 


V.29 7200 bps 


Not Used 


Baud 1 1 Baud 


V.29 4800 bps 


Bauds 


Baud 2 Baud 1 { Baud 


V.27 4800 bps 


Not Used 


Baud 1 1 Baud 


V.27 2400 bps 


Baud 3 


Baud 2 


Baud 1 


Baud 


2400 bps Gearshift 


Baud 3 


Baud 2 


Baud 1 


Baud 


4800 bps Gearshift 


Baud 1 


Baud 1 



When the host processor changes the transmitter configuration, the SEPT bit or the 
FSKT bit, the host must write a one in this control bit. TSB goes to a zero when the 
change becomes effective. Worst case setup time is 2 baud + turnoff sequence + 
training (if applicable). 

When control bit TTDIS is a one, the transmitter does not generate a training sequence 
at the start of transmission. With training disabled, RTS/CTS delay is less than two 
baud times. 

When control bit XCEN is a one, the transmitter timing is established by the external 
clock supplied at the hardware input XTCLK, pin 22A. 
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The following is a list of the configurations that may be used 
with the forward channel and the states of the various control 
bits. 





Transmitter Control 


Receiver 
Control 


Configuration 


PCF 
0:9:5 


CF 
0:9:3 


SCEN 
1:7:2 


FT/V.29/9600 

FTA/.29/7200 

FTA/.29/4800 

FTA/.27/4800 

FTA/.27/2400 

*V.27/4800 

*V.27/2400 

V.21 FSK 


1 
1 
1 




X 


1 
1 
1 

X 
X 
X 
X 
X 




*Both V.27 long and short train may be used. X = Don't care. 



Note that CCITT V.29 and Gearshift configurations cannot be 
used with the forward channel. 



POWER-ON INITIALIZATION 

When power is applied to the R96FT/SC, a period of 50 to 
350 ms is req uired for power supply settling. The power-on-reset 
signal (POR) remains low during th is pe riod. Approximately 
10 ms after the low to high t ransition of POR, the modem is ready 
to be configured, and RTS may be activated. If the 5 Vdc power 
supply drops below 3.5 Vdc for more than 30 msec, the POR 
cycle is generated. 



At POR time the modem defaults to the following configuration: 
fast train, V.29, 9600 bps, no echo protector tone, 1700 Hz car- 
rier frequency, scrambled ones segment disabled, serial data 
mode, internal clock, cable equalizers disabled, transmitter 
digital delay equalizer disabled, linl< amplitude equalizer dis- 
abled, link delay equalizer disabled, transmitter output level set 
to - 1 dBm ± 1 dB, interrupts disabled, receiver threshold set 
to -43 dBm, and train-on-data enabled. 



POR can be connected to a user supplied power-on-reset signal 
in a wire-or configuration. A low active pulse of 3 ^sec or more 
applied to the POR pin causes the mode m to re set. The modem 
is ready to be configured 10 msec after POR is removed. 

PERFORMANCE 

Whether functioning in V.27, V.29 or the proprietary fast train 
configurations, the R96FT/SC provides the user with high 
performance. 

POLLING SUCCESS 

In the 9600 bps fast train configuration the modem approaches 
a 98% success rate over unconditioned 3002 lines for a signal- 
to-noise ratio of 26 dB, with a received signal level of - 20 dBm. 
When used in conjunction with the 75 bps forward channel, 
9600 bps main channel polling performance degrades by 
approximately 2 dB. 

BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is speci- 
fied for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of - 20 dBm as 
illustrated. 

The BER curves shown were prepared from data obtained using 
a TAS 1010 test system. 

PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15** 
peak-to-peak phase jitter at 150 Hz, or with a signal-to-noise ratio 
of 15 dB in the presence of 30° peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 

At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 20° peak-to-peak phase jitter at 30 Hz. 
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An example of the BER performance capabilities is given in the 
following diagrams: 
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GENERAL SPECIFICATIONS 





Modem Power Requirements 




Voltage 


Tolerance 


Current (Typical) @ 25oC 


Current (Max) @ 0°C 


+ 5Vdc 
+ 12Vdc 
-12Vdc 


±5% 
±5% 
±5% 


650 mA 
50 mA 
60 mA 


<820 mA 

< 80 mA 

< 90 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Modem Environmental Restrictions 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity: 
Altitude 


0°C to +60°C (32°F to 140°F) 

-40°C to +80«C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping 

container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 

-200 feet to +10,000 feet 



Modem Mechanical Considerations 



Parameter 


Specification 


Board Structure: 

Mating Connector: 

PCB Dimensions: 

Width 

Length 

Height 
Weight (max): 
Lead Extrusion (max.) 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. 
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 
64-pin DIN vertical male or 64-pin DIN vertical female. 

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle: 
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent. 

3.937 in. (100 mm) 
6.300 in. (160 mm) 
0.40 in. (10.2 mm) 
5.5 oz (156 g) 
0.100 m. (2.54 mm) 



0.156 ±0.003 DIA (4 PL) 
(3.98) 



MALE 64-PIN 
DIN CONNECTOR 



3.937 
(100) 

3.700 
(94) 



0.119 
(3) 



5.675 



6.300 



(144) 



(160) 



0.496 
(12.6) 



0.483 
(12.3) 



0.400 
(10.2) 



-COMPONENT AREA 



HIE 



0.062 
1.6 



. 

0.100 I 

(2.54) 

0.437 

(11.1) 



UNITS: 



INCHES 



R96FT/SC Modem Dimensions and Pin Locations 
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INTRODUCTION 

The Rockwell R144DP is a synchronous 14.4 Kbps data pump. It 
can operate over unconditioned or conditioned lines, through the 
appropriate line termination. It is packaged in a small module with 
a DIN connector, or a smaller module with dual- in-line pin (DIP) 
connection. 

The modem satisfies the telecommunications requirements speci- 
fied in CCITT recommendations V.33, V.29 and V.27 bis/ter. The 
R144DP can operate at speeds of 14400, 12000, 9600, 7200, 4800, 
and 2400 bps. 

The R144DP is designed for use in ultra high speed data applica- 
tions. The use of trellis-coded modulation (TCM) in the 9.6 Kbps 
and 72 Kbps modes, in addition to those modes specified by V.33, 
adds significantly to the performance of the modem under these 
operating conditions. User programmable features allow the 
modem operation to be tailored to support a wide range of func- 
tional requirements. The modem's small size and serial/parallel 
host interface simplify system development and reduce system 
production cost. The DIN connector version can be mated to a 
matching DIN receptacle on the host module, whereas the DIP 
connector version can be directly installed onto the host module. 

CMOS digital signal processor (DSP) and integrated analog (lA) 
devices reduce modem power consumption. 

This data sheet applies to the R144DP with device numbers 
C5301-16, C5306-17, C5307-17 and subsequent. 



FEATURES 

• Compatibilities: 

— CCITT V.33, V29 and V27 bis/ter 

• 4-Wire Full-Duplex 

• Trellis-Coded Modulation (TCM) at 14.4 Kbps, 12 Kbps, 9.6 Kbps 
and 72 Kbps 

• DTE Interface 

— Functional: CCITT V24 (RS-232-C) (Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL and CMOS Compatible 

• Dynamic Range: - 43 dBm to dBm 

• Equalization 

— Compromise Equalizer in Transmitter 

— Automatic Adaptive Equalizer in Receiver 

• Auto-Dial and Auto-Answer Capability 

• Diagnostic Capability 

• Loopback 

— Local and Remote Analog 

— Remote Digital 

• Small Size 

— 100 mm X 120 mm (3.94 in. x 4.73 in.) with DIN Connector 

— 82 mm X 100 mm (3.23 in. x 3.94 in.) with DIP Connection 

• Low Power Consumption: 1.3 W (Typical) 





R144DP DIN Connector Version 



R144DP DIP Connector Version 



Document No. 29200N36 



Data Sheet 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES 
AND DATA RATES 

The selectable modem configurations, along with the correspond- 
ing signaling (baud) rates and data rates, are listed in Table 1. 

TONE GENERATION 

Under control of the host processor, the modem can generate sin- 
gle or dual voice-band tones from Hz to 4800 Hz with a resolu- 
tion of 0.15 Hz and an accuracy of 0.01%. Tones over 3000 Hz are 
attenuated. DTMFtone generation allows the modem to operate 
as a programmable DTMF dialer. 

DATA ENCODING 

The data encoding conforms to CCITT recommendations V.33, 
V29 and V.27. 

EQUALIZERS 

Equalization functions are provided that improve performance 
when operating over low quality lines. 

Compromise Equalizer — A 40-tap digital finite impulse 
response (FIR) filter in the transmitter provides compromise 
equalization. The filter taps can be changed in DSP RAM for vary- 
ing line conditions. The default equalizer tap coefficients compen- 
sate for half the amplitude distortion of a 3002 unconditioned line 
and for half the group delay distortion of a 3002 unconditioned line. 
The filter can be enabled or disabled using the CEQ bit in the trans- 
mitter interface memory. 

Automatic Adaptive Equalizer — A 48-tap automatic adap- 
tive equalizer Is provided in the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer using the EQT2 bit 
in the chip 2 interface memory. 

TRANSMITTED DATA SPECTRUM 

When the compromise equalizer is disabled, the transmitter spec- 
trum is shaped by raised cosine filter functions as follows: 

Configuration Raised Cosine Filter Function 

V.33 and V.29 Square root of 12.5% or 20% as 

selected by the SHAPO bit in the 
transmitter interface memory. 

V.27 1600 baud Square root of 50% 

V.27 1200 baud Square root of 90% 

TURN-ON AND TURN-OFF SEQUENCES 

Turn-on and turn-off sequence times are shown in Table 2. 



Table 2. 


Turn-on and Turn-off Sequences 




RTS-CTS 








Delay Time 


Turn-Off Time | 




Remaining 


No 




Echo Protector 


Data and 


Transmitted 


Configuration 


Tone Disabled 


Scrambled 18 


Energy 


V.33 


1393 ms 


15 ms 





V.29 


253 ms 


12 ms 


— 


V.27 4800 bps long 


708 ms 


7 ms 


20 ms 


V.27 4800 bps short 


50 ms 


7 ms 


20 ms 


V.27 2400 bps long 


943 ms 


10 ms 


20 ms 


V.27 2400 bps short 


67 ms 


10 ms 


20 ms 



TRANSMIT LEVEL 

The transmitter output level Is selectable from -0.5 dBm to 
- 15.5 dBm in 1 dB steps and is accurate to ± 0.5 dB. The output 
level can also be fine tuned to a value within a 1 dB step by chang- 
ing a gain constant in RAM. 

TRANSMITTER TIMING 

Transmitter timing is selectable between internal (±0.01%), 
external or loopback. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing scrambler/ 
descrambler in accordance with V.33, V.29 or V.27 depending on 
the selected configuration. 

RECEIVE LEVEL 

The receiver satisfies performance requirements for received line 
signal levels from dBm to -43 dBm. The received line signal 
level is measured at the Receiver Analog (RXA) input. 

RECEIVER TIMING 

The timing recovery circuit can track a ± 0.01% frequency error 
in the associated transmit timing source. 

CARRIER RECOVERY 

The carrier recovery circuit can track a ± 7 Hz frequency offset 
in the received carrier with less than a 0.2 dB degradation in bit 
error rate (BER). 

CLAMPING 

Received Data (RXD) is clamped to a co nstant mark w henever the 
Received Line Signal Detector (RLSD) Is off. RLSD can also be 
clamped to a mark by a bit In the receiver sample rate device inter- 
face memory. 




Table 1. Configurations, Signaling Rates and Data Rates 





Moduiationi 


Carrier Frequency 

(H2) 

±0.01% 


Data Rate 

(bps) 

±0.01% 


Baud 
(Symbols/Sec.) 


Bits per Symbol 


Constellation 
Points 


Data 


TCM 


v.33 14400 
V.33 12000 
V.33 9600 TCM2 
V.33 7200 TCM2 
V.29 9600 
V.29 7200 
V.29 4800 
V.27 4800 
V.27 2400 
Tone Transmit 


TCM 
TCM 
TCM 
TCM 
QAM 
QAM 
QAM 
QAM 
QAM 


1800 or 1700 
1800 or 1700 
1800 or 1700 
1800 or 1700 

1700 

1700 

1700 

1800 

1800 


14400 
12000 
9600 
7200 
9600 
7200 
4800 
4800 
2400 


2400 
2400 
2400 
2400 
2400 
2400 
2400 
1600 
1200 


6 
5 
4 
3 
4 
3 
2 
3 
2 


1 
1 
1 
1 







128 

64 

32 

16 

16 

8 

4 

8 

4 


Notes: 

1 . Modulation legend: TCM: Trellis-Coded Modulation 2. Proprietary 
QAM: Quadrature Amplitude Modulation 
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AUTO-DIALING AND AUTO-ANSWERING CONTROL 

General Description 

Functions are provided to allow the host to perform auto-dialing 
and auto-answering. These functions include DTMF or puJse dial- 
ing, ringing detection and a comprehensive supervisory tone 
detection scheme. The major parameters of these functions are 
host programmable, enabling the host to customize the modem 
to work on the public switched telephone network (PSTN). 



Supervisory Tone Detection 

Three parallel tone detectors (A, B, and C) are provided for super- 
visory tone detection. The signal path to these detectors is 
separate from the main received signal path. Therefore, the tone 
detect signal does not pass through the highpass section of the 
analog receive bandpass filter, enabling the tone detection to be 
largely independent of the receiver status. 

There are, however, some restrictions depending on the receiver 
configuration and status: 

1 . When DATA1 bit (see Table 8) is a 0, then all three tone detectors 
are enabled. 

2. When DATA1 bit is a 1, then tone detectors A and B are 
enabled and tone detector C is disabled. 

Each tone detector consists of two cascaded second order MR 
biquad filters. The coefficients are host programmable. Each fourth 
order filter is followed by a level detector which has host program- 
mable turn-on and turn-off thresholds allowing hysteresis. Tone 
detector C is preceded by a prefilter and squarer. This is useful 
for detecting a tone with^requency equal to the difference between 
two tones that may be simultaneously present on the line. The 
squarer may be disabled by the SQDIS bit in interface memory 
causing tone detector C to be an eighth order filter. 



Supervisory Tone Detectors, Default Characteristics 

The default bandwidths and thresholds of the tone detectors are 
as follows: 



Tone Detector 




Turn-On 
Threshold 


Turn-Off 
Threshold 


A 
B 

C Prefilter 
C 


245-650 Hz 

360-440 Hz 

0-500 Hz 

50-110 Hz 


-25 dBm 

-25 dBm 

N/A 


-31 dBm 

-31 dBm 

N/A 


*Tone Detector C will detect a difference tone within its bandwidth 
when the two tones present are in the range - 1 dBm to - 26 dBm. 



HARDWARE INTERFACE SIGNALS 

The functional interconnect diagram (Figure 1) shows the typical 
modem connection in a system. In this diagram, any point that is 
active low is represented by a small circle at the signal point. 

Two types of I/O points that may cause confusion are edge- 
triggered inputs and open-collector (open-source or open-drain) 
outputs. These signal points include the additional notation of a 



small triangle or a small half-circle (see signals TDOLK and IRQ, 
respectively Active low signals are named with an overscore (e.g., 
POR). 

A clock intended to activate logi c on its r ising edge (low-to-high 
transition) is called active low (e.g., RDOLK), while a clock intended 
to activate logic on its falling edge (high-to-low transition) is called 
active high, (e.g., TDOLK). When a clock input is associated with 
a small circle, the input activates on a falling edge. If no circle is 
shown, the input activates on a rising edge. 

The hardware interconnect signals shown in Figure 1 are 
organizated into six functional groups: overhead, microprocessor 
interface, V.24 interface, ancillary, analog, and diagnostic. These 
signals, along with their connector pin numbers and interface cir- 
cuit types, are listed in Table 3. The digital interface characteris- 
tics are defined in Table 4. 



POWER-ON-RESET 

When pow er is a pplied to the modem, the modem pulses Power- 
On-Reset (POR) low to begin the POR sequence. The mo dem is 
ready to use 350 ms after the low-to-high transition of POR. 
The POR sequence is reinitiated any time the + 5V supply drops 
below + 3.5V for more th an 30 ms, or an external device drives 
POR low for at least 3 ^s. POR is not pulsed low by the modem 
when the POR sequence is initiated externally. The POR 
sequence initializes the modem interface memory to default 
values (Table 8). This action leaves the modem configured 
as follows: 

• V.33 14,400 bps 

• 1800 Hz carrier frequency 

• Serial channel data 

• T equalizer 

• - 43 dBm receiver threshold 

• Transmitter compromise equalizer enabled 

• Train-on-data disabled 

NOTE: If the modem is used in applications where the supply 
voltage can drop below + 4.75V but not low enough to cause a 
P OR se quence (i.e., < +3.5V), the host system should generate 
a POR signal upon supply voltage recovery to ensure modem 
initialization and operation. 



MICROPROCESSOR INTERFACE 

Nineteen address, data, control, and interrupt hardware interface 
signals allow modem connection to an 8086 or 6500 compatible 
microprocessor. With the addition of external logic, the interface 
can be made compatible with a wide variety of other microprbces- 
sors such as the 6502, 8086 or 68000. 

The microprocessor interface allows a microprocessor to change 
modem configuration, read or write channel and diagnostic data, 
and supervise modem operation by writing control bits and read- 
ing status bits. The significance of the control and status bits, along 
with the methods of data interchange, are discussed in the Soft- 
ware Interface Section. 
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Figure 1. R144DP Functional Interconnect Diagram 
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Table 3. R144DP Hardware Interface Signals 







DIN2 


DIP3 




Name 


Typei 


Pin No. 


Pin No. 


Description 


A. OVERHEAD: 


Ground (A) 


AGND 


310,320 


30,31 


Analog Ground Return 


Ground (D) 


DGND 


30,80. 
5A,10A 


29,37,53 


Digital Ground Return 


+ 5V 


PWR 


190,230, 
260.300 


1,45,61 


+5 Volt Supply 


+ 12V 


PWR 


15A 


32 


+ 12 Volt Supply 


-12V 


PWR 


12A 


36 


-12 Volt Supply 


POR 


lA/OB 


130 


2 


Power-On-Reset 


B. MICROPROCESSOR INTERFACE: 


D7 


lA/OB 


10 


3 


^ 




D6 


lA/OB 


1A 


4 






D5 


lA/OB 


20 


5 






D4 


lA/OB 


2A 


6 






D3 


lA/OB 


3A 


7 




" Data Bus (8 Bits) 


D2 


lA/OB 


40 


8 






D1 


lA/OB 


4A 


9 






DO 


lA/OB 


50 


10 




RS4 


lA 


8A 


15 


' 




RS3 


lA 


60 


16 






RS2 


lA 


6A 


17 




' Register Select 


RSI 


lA 


70 


18 




(5 Bits) 


RSO 


lA 


7A 


19 


J 




CSO 


lA 


100 


20 


Ohip Select 
Transmitter Device 


081 


lA 


90 


21 


Ohip Select Receiver 










Sample Rate Device 


CS2 


lA 


9A 


13 


Ohip Select Receiver 
Baud Rate Device 


READ 


lA 


120 


14 


Read Enable 


WRITE 


lA 


11A 


12 


Write Enable 


IRQ 


00 


110 


11 


Interrupt Request 







DIN2 


DIP3 




Name 


Typei 


Pin No. 


Pin No. 


Description 


C. V.24 INTERFACE: j 


RDOLK 


OA 


21A 


23 


Receive Data Clock 


TDOLK 


OA 


23A 


46 


Transmit Data Clock 


XTOLK 


lA 


22A 


51 


External Transmit Clock 


RTS 


lA 


25A 


50 


Request-to-Send 


OTS 


OA 


250 


49 


Olear-to-Send 


TXD 


lA 


240 


48 


Transmitter Data 


RXD 


OA 


220 


26 


Receiver Data 


RLSD 


OA 


24A 


27 


Received Line Signal 
Detector 


Rl 


OA 


16A 


25 


Ring Indicator 


D. ANCILLARY CIRCUITS: \ 


RBOLK 


OA 


26A 


22 


Receiver Baud Clock 


TBOLK 


OA 


270 


47 


Transmitter Baud Clock 


TMXOLK 


OA 


180 


43 


Transmitter Mux Clock 


E. LINE INTERFACE: | 


TXA 


AA 


31A 


34 


Transmitter Analog Output 


RXA 


AB 


32A 


33 


Receiver Analog Input 


OHRO 


OD 


29A 


35 


Off-Hook Relay Control 


RD 


lA 


27A 


24 


Ring Detect 


F. DIAGNOSTIC: 


EYEX 


OA 


150 


56 


Eye Pattern Data— X Axis 


EYEY 


OA 


14A 


55 


Eye Pattern Data— Y Axis 


EYEOLK 


OA 


140 


57 


Eye Pattern Clock 


EYESYNO 


OA 


13A 


58 


Eye Pattern Synchronizing 
Signal 


Notes: 






1 . Refer to Table 4 for digital circuit interface characteristics and Table 7 


for analog circuit interface characteristics. 


2. the following DIN pins should be left open: 17A, 170, 18A, 20A, 200, 


28A, 280 and 30A. 






3. The following DIP pins should be left open: 28, 39, 41 , 44, 52, 59 and 60. 


4. The following DIN pins are not used but should be connected to DGND 


through individual 10 Kfi series resistors: 160, 19A, 210 and 290. 


5. The following DIP pins are not used but should be connected to DGND 


through individual 10 Kfi series resistors: 38, 40, 42 and 54. 


6. Unused inputs tied to + 5V or ground require individual 10 Ki2 series 


resistors. 











Table 4. 


Digital Interface Characteristi 


cs 






Symbol 


Parameter 


Units 


Input/Output Type { 


lA 


OA 


OB 


OC 


OD 


V,H 


Input Voltage, High 


V 


2.0 Min. 










V|L 


Input Voltage. Low 


V 


0.8 Max. 










VOH 


Output Voltage, High 


V 




3.5 Min.-i 


3.5 Min.i 




5.0 Max. 


Vol 


Output Voltage. Low 


V 




0.4 Max.2 


0.4 Max.3 


0.4 Max.2 


0.75 Typ.2 


l|N 


Input Current, Leakage 


)»A 


±2.5 Max. 










loH 


Output Current, High 


mA 




-0.1 Max. 


-0.1 Max 




04 


loL 


Output Current, Low 


mA 




1.6 Max. 


0.8 Max. 


1.6 Max. 


15.0 Max.5 


'l 


Output Current, Leakage 


mA 




± 10 Max. 


± 10 Max. 






Cl 


Oapacitlve Load 


PF 


5 










Cd 


Capacitive Drive 


PF 




100 


100 


100 






Circuit Type 




TTL 


TTL 3-state 


TTL 3-state 


Open-Drain 


Open-Drain 


Notes 


1. ILoad = -100/iA 

2. ILoad = 1.6mA 


3. 1 Load = 0.8 mA 

4. /tA leakage 


5. Can drive a 


+ 5V relay with coi 


resistance greater 


than 360Q. 
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Data Lines (D0-D7) 

Eight bidirectional data lines (D0-D7) provide parallel transfer of 
data between the host and the modem. The most significant bit 
is D7. Data direction is controlled by the Read Enable and Write 
Enable signals. 

Chip Selects (CS0-CS2) and Register Selects 
(RS0-RS4) 

The three active low chip select lines (CS0-CS2) select one of 
three modem digital signal processor (DSP) devices. The five 
active high register select lines (RS0-RS4) address interface 
memory registers within the selected DSP interface memory. All 
eight of these lines are typically connected to the host bus address 
lines; the register select lines to the five least significant lines 
(A0-A4) and the chip select lines to the next two significant lines 
(A5-A6) through a decoder. 

The selected DSP decodes RSO through RS4 to address one of 
32 internal interface memory registers (00-1 F). The most signifi- 
cant address bit is RS4 while the least significant address bit is 
RSO. The selected register can be read from or written into via the 
8-bit parallel data bus (D0-D7). 



Read Enable (READ) and Write Enable (WRITE) 

During a read cycle, data from the selected DSP interface memory 
register is gated onto the data bus by means of three-state drivers 
in each DSP. These drivers force the data lines high for a one bit, 
or low for a zero bit. When not being read, the three-state drivers 
assume their high-impedance (off) state. 

During a write cycle, data from the data bus is copied into the 
selected DSP interface memory register, with high and low bus 
levels representing one and zero bit states, respectively. 

The read/write cycle timing waveforms are illustrated in Figure 2 
and the timing requirements are specified in Table 5. 

Table 5. Microprocessor Interface Timing Parameters 



Parameter 


Symbol 


Min. 


Max. 


Units 


CSi Setup Time 


TCS 





— 


ns 


RSi Setup Time 


TRS 


25 


— 


ns 


Data Access Time 


TDA 


— 


75 


ns 


Data Hold Time 


TDHR 


10 


— 


ns 


Control Hold Time 


THC 


10 


_ 


ns 


Write Data Setup Time 


TWOS 


20 


— 


ns 


Write Data Hold Time 


TDHW 


10 


— 


ns 



The DSP IRQ output structure is an open-drain field-effect- 
transistor (FET). Each of the individual DSP IRQ output lines is 
wire-ORed to form the modem IRQ output sig nal. T he modem 
IRQ output can also be wire-ORed with other IRQ lines in the 
application system. Any of these sources can drive the host inter- 
rupt input low, and the host interrupt servicing process normally 
cont inues until all interrupt requests have been serviced (i.e., ail 
IRQ lines have returned high). 

Because of the open-drain structure of IRQ, an e xtern al pull-up 
resistor to + 5V is required at some point on the IRQ line. The 
resistor value should be small enough to pull the IRQ line high 
when all IRQ drivers are off (i.e., it must overcome the leakage 
currents). The resistor value should be large enough to limit the 
driver sink current to a level acceptable to each driver. If only the 
modem IRQ output is used, aresistorvalue of 5.6K ohms ±20%, 
0.25W, is sufficient. 



V.24 INTERFACE 

Nine pins provide timing, data, and control signals for implement- 
ing a CCITT Recommendation V.24 compatible serial interface. 
These signals are TTL compatible in order to drive the short wire 
lengths and circuits normally found within stand-alone modem 
enclosures or equipment cabinets. For driving longer cables, 
these signals can be easily converted to RS-232-C voltage levels 
using 1489 receivers and 1488 drivers, or their equivalents. 

Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the local 
DTE on the Transmitted Data (TXD) input. 

Received Data (RXD) 

The modem presents received serial data to the local DTE on the 
Received Data (RXD) output. 

Request To Send (RTS) 

Activating Request to S end ( RTS) causes the mod em to trans- 
mit data on TXD when CTS becomes active. The RTS pin is 
logically ORed with the RTS bit. 

Clear To Send (CTS) 

Clear to Send (CTS) active indicates to the l ocal DTE that 
the modem will transmit any data present on TX D. CTS response 
times from an active condition of RTS are shown in 
Table 2. 




Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be connected to 
the host processor interrupt request input in order to inter rupt host 
program execution for immediate modem service. The IRQ out- 
put can be enabled in the DSP interface memory to indicate 
immediate change of cond itions in any of the three modem DSP 
devices. The use of IRQ is optional depending upon modem 
application. Refer to the Software Considerations Section for a 
summary of the modem interrupt bits, interrupt conditions and 
interrupt clearing procedures. 



Received Line Signal Detector (RLSD) 

Received Line Signal Detector (RLSD) active indicates to the local 
DTE that energy above the receive level threshold is present on 
the receiver input, and that energy is not a training sequence. 



For V.33, V.29 and V.27 bis/ter, RLSD goes active at the end of 
the training seque nce. If e nergy is above threshold and training 
is no t detec ted, the RLSD off-to-on response time is 15 ±10 ms. 
The RLSD on-to-off time is 40 ±10 m s for V.33, 30 ±9 ms for 
V.29, or 1 ± 5 ms for V.27. The RLSD on-to-off time ensures that 
all valid data bits have appeared on RXD. 
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READ 



WRITE 



CSi 
(isO-2) 



N. 



TRSh 



RSi 




0-4) (XX) ^. 



h-Tcs 



WRITE 



F.EAD 



Di 
(l«0-7) 



^\ f 



TDA- 



/ 



-THC 



TRS- 



y 



-TCS 



^\ f 



<z> 



-TDHR 



-^TWDS-»- 



<m^ : 



-THC 



:^ 



-TDHW 



Figure 2. Microprocessor Interface Timing Waveforms 



One of four RLSD receive level threshold options can be selected 
(Table 6). A minimum hysteresis action of 2 dB exists between the 
actual off-to-on and on-tooff transition levels. The threshold level 
and hysteresis action are measured with a modulated signal 
applied to the Receiver Analog (RXA) input. Note that performance 
may be degrade d whe n the received signal level is less than 
-43 dBm. The RLSD on and off thresholds are host pro- 
grammable in DSP RAM. 



Table 6. RLSD On and OFF Thresholds 



Option 


Receive Level 


RLSD On 


RLSD Off 



1 
2 
3 


>-43dBm 
> -33 dBm 
>-26dBm 
>-16dBm 


<-48dBm 

< - 38 dBm 

< - 31 dBm 
< -21 dBm 



Transmit Data Clock (TDCLK) 

The modem outputs a synchronous Transmit Data Clock (TDCLK) 
for USRT timing. The TDCLK frequency is the data rate ( ± 0.01%) 
with a duty cycle of 50 ± 1%. 

Transmit Data (TXD) must be stable during the one /is periods 
immediately preceding the rising edge of TDCLK and following 
the rising edge of TDCLK. The TDCLK source can be internal, 
external (input on XTCLK) or slave (to RDCLK) as selected by 
bits in the transmitter interface memory. 

External Transmit Clock (XTCLK) 

In synchronous communication, an external transmit data clock 
can be connected to the modem XTCLK input. The clock supplied 
at XTCLK must exhibit the sme characteristics of TDCLK. The 
XTCLK input is then reflected at the TDCLK output. 



Receive Data Clock (RDCLK) 

The modem outputs asynchro nous Receive Data Clock (RDCLK) 
for USRT timing. The RDCLK freq uency is the data rate ( ± 0.01 %) 
with a duty cycle of 50 ±1%. The RDCLK low-to-high transitions 
coincide with the center of the received data bits. The timing 
recovery circuit can track a ±0.01% frequency error in the 
associated transmit timing source. 

Ring Indicator (Rl) 

The Ring Indicator (Rl) output follows the ringing signal present 
on the line with a low level (OV) during the ON time, and a high 
level ( + 6V) during the OFF time coincident with the ringing signal. 

The Rl status bit in chip 2 reflects the state of the Rl output. 

ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud Clock 
(RBCLK) outputs have no counterpart in the V.24 or RS-232-C 
recommendations since they mark the baud interval rather than 
the data rate for the transmitter and receiver, respectively. These 
baud clocks are useful in identifying the order of data bits in a baud 
(e.g., for multiplexing data). Both signals are active high. The first 
bit in each baud begins with the falling edge of the correspond- 
ing baud clock. 

Transmitter Multiplexer Clock (TMXCLK) 

The Transmitter Multiplexer Clock (TMXCLK) output is a 288 kHz 
clock which is Internally divided down to create the Transmitter 
Baud Clock (TBCLK). TMXCLK is also a common multiple of all 
the possible transmitter data clocks. The high-to-low transitions 
of TDCLK coincide with the high-to-low transitions of TMXCLK. 
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LINE INTERFACE 

The Transmitter Analog (TXA) output and Receiver Analog (RXA) 
input allow modem connection to either a leased line or the pub- 
lic switched telephone network (PSTN) through an audio trans- 
former or a data access arrangement. The analog signal charac- 
teristics of TXA and RXA are described in Table 7. 

Table 7. Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 


AA 
AB 


The transmitter output impedance is 604 ohms ± 1%. 
The receiver input impedance is 66.5K ohms. 



Transmitter Analog (TXA) 

The Transmitter Analog (TXA) output can drive an audio trans- 
former or data access arrangement. TXA is a low Impedance 
amplifier output in series with an internal 604 ohm ± 1% resistor 
to match a standard telephone load of 600 ohms. 

Receiver Analog (RXA) 

The Receiver Analog (RXA) input can originate from an audio trans- 
former or data access arrangement. The input impedance is nomi- 
nally 66.5K ohms. The RXA input must be shunted by an external 
604 ohm ± 1 % resistor In order match a 600 ohm source. 

Transient protection for TXA and RXA is recommended when inter- 
facing directly to a transformer. This protection may take the form 
of back-to-back zener diodes or a varistor across the transformer. 

Ring Detect (RD) 

The Ring Detect (RD) input is monitored for pulses in the range 
of 15 Hz to 68 Hz. The frequency detection range may be changed 
by the host in DSP RAM. The circuit driving RD should be a 
4N35 optolsolator or equivalent. The circuit driving RD should not 
respond to momentary bursts of ringing less than 125 ms in dura- 
tion, or less than 40 VRMS (15 Hz to 68 Hz) across TIP and RING. 
DATA2 bit must be set to a to^nable ring detection. Detected ring 
signals are reflected on the Ri output. 



Off-Hook Relay Control (OHRC) 

OHRC Is an output designed to directly drive a + 5V relay coil with 
a worst case resistance of 360 ohm having a must operate voltage 
of 4.0 Vdc. A clamp diode is integrated in the modem which 
eliminates the need for the diode across the relay coil. An external 
transistor can be u sed to drive heavier loads (e.g., electro- 
mechanical relays). OHRC is controlled by the host by setting 
the RA bit in the interface memory. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to create an 
oscilloscope quadrature eye pattern. The eye pattern is simply a 
display of the received baseband constellation. By observing this 
constellation, common line disturbances can usually be identified. 
Timing of these signals is illustrated in Figure 3. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit streams con- 
taining data for display on the oscilloscope X axis and Y axis, 
respectively. This serial digital data must first be converted to 
parallel digital form by two serial-to-parallel converters and then 
to analog form by two digital-to-analog (D/A) converters. 
EYEX and EYEY outputs are 15-bit words, each with 8-bits of sig- 
nificance. The 15-bit data words are shifted out most significant 
bit first with the seven most significant bits e qual to ze ro. EYEX 
and EYEY are clocked by the rising edge of EYECLK. 



^ h 



EYESYNC 



EYECLK 



EYEX, 
EYEY 



_n_n 

MSB LSB 



Figure 3. Eye Pattern Timing 



EYECLK 



EYECLK is a clock for use by the serial-to-parallel converters. The 
EYECLK output is a 288 kHz clock which Is inte rnally divid ed down 
to create the Receiver Baud Clock (RBCLK). EYECLK is also a 
common multiple of all t he possi ble receiver data clocks. The low- 
to-high trans itions of RDCLK coincide with the low-to-high 
transitions of EYECLK. 

EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 

SOFTWARE INTERFACE 

Modem functions are implemented in firmware executing in 
three DSPs: transmitter device, receiver sample rate device, and 
receiver baud rate device. 

INTERFACE MEMORY 

Each DSP communicates with the host processor by means of a 
dual-port, interface memory. The interface memory in each DSP 
contains thirty-two 8-bit registers, labeled register 00 through IF. 
Each register can be read from, or written Into, by both the host and 
the DSP The host communicates with the DSP interface memory 
via the microprocessor bus shared between the three DSPs. 
The host can control modem operation by writing control bits to DSP 
Interface memory and writing parameter values to DSP RAM 
through the interface memory. The host can monitor modem oper- 
ation by reading status bits from DSP interface memory and read- 
ing parameter values from DSP RAM through interface memory. 

INTERFACE MEMORY MAPS 

Memory maps of the 96 addressable registers in the modem trans- 
mitter (chip 0), receiver sample rate (chip 1), and receiver baud rate 
(chip 2) devices are shown In Figure 4. These 8-bit registers may 
be read or written during any host read or write cycle. In order to 
operate on a single bit or a group of bits in a register, the host proces- 
sor must read a register then mask out unwanted data. When writ- 
ing a single bit or group of bits in a register, the host processor must 
perform a read-modify-write operation. That is, read the entire 
register, set or reset the necessary bits without altering the other 
register bits, then write the unaffected and modified bits back into 
the interface memory. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 8 defines the individual bits in the Interface memory. In the 
Table 8 descriptions, bits in the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by Y (0,1 or 2), 
the register number by Z (00 through 1F), and the bit number by 
Q (0 through 7, = LSB). 
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R144DP DSP Interface Memory (Chip 0) 



Reglst>\ 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIAO 


NCIAO 


_ 


NSIEO 


NEWSO 


NCIEO 


— 


NEWCO 


IE 


__ 


DBIAO 


_ 


_ 


_ 


DBIEO 


_ 


DBAO 


ID 


XACCO 


— 


_ 


_ 


— 


XCRDO 


XWTO 


XCRO 


1C 


X RAM ADDRESS (XADDO) 


IB 


YACCOl - 1 - 1 - 1 - 


YCRDOl YWTO 1 YCRO 


1A 


Y RAM ADDRESS (YADDO) 


19 


X RAM DATA MSB (XDAMO) 


18 


X RAM DATA LSB (XDALO) 


17 


VRAM DATA MSB (YDAMO) 


16 


Y RAM DATA LSB (YDALO) 


15 


_ 


_ 


_ 




_ 


_ 


_ 


_ 


14 


_ 


_ 


_ 


_ 


_ 


— 


— 


_ 


13 


TLVL 


_ 


_ 


TXCLK 


12 


TCONF 


11 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


-^ 


10 


— 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OF 


— 


_ 


CTS 


_ 


— 


_ 


_ 


— 


OE 


_ 


_ 


_. 


_ 


_ 


_ 


_ 


_ 


OD 


_ 


-- 


— 


— 


_ 


_ 


— 


_ 


OC 


_ 


_ 


_ 


_ 


_ 


_ 





_ 


OB 


_ 


_ 


_ 


— 


_ 


_ 


_ 


_ 


OA 


_ 


— 


_ 


— 


_ 


— 


— 


_ 


09 


_ 


_ 


DTMF 


_ 


_ 


_ 


_ 


_ 


08 


_ 


TPDM 


_ 


_ 


_ 


_ 


RTRN 


RTS 


07 


_ 


_ 


L2ACT 


_ 


L3ACT 


L4ACT 


RA 


MHLD 


06 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


05 


— 


— 


_ 


TXSQ 


CEQ 


TTDIS 


_ 


TSPA 


04 


_ 


_ 


_ 


_ 


_ 


_ 


— 


— 


03 


_ 


_ 


_ 


_ 


ARCO 


SDIS 


_ 


_ 


02 


_ 


_ 


_ 


_ 


SHAPO 


CF330 


SEPT 


EPT 


01 


TSPY 


00 


TBUFFER/TSPX 


{-) Indicates reserved for modem use only. 


R144DP DSP Interface Memory (Chip 1) 


X^^ Bit 
Reglste^v^ 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIA1 


NCIA1 


— 


NSIE1 


NEWS1 


NCIE1 


_ 


NEWC1 


IE 


_ 


DBIA1 


_ 


_ 


_ 


DBIE1 


_ 


DBA1 


10 


XACC1 


_ 


_ 


_ 


_ 


XCRD1 


XWT1 


XCR1 


1C 


X RAM ADDRESS (XADD1) 


IB 


YACCll - 1 - 1 _ 1 - lYCRDII YWT1 1 YCR1 


1A 


Y RAM ADDRESS (YADD1) 


19 


X RAM DATA MSB (XDAM1) 


18 


X RAM DATA LSB (XDAL1) 


17 


Y RAM DATA MSB (YDAM1) 


16 


Y RAM DATA LSB (YDAL1) 


15 


— 


_ 


_ 


_ 


— 


_ 


_ 


_ 


14 


_ 


_ 


_ 


_ 


__ 


_ 


_ 


_ 


13 


_ 


_ 


_ 


_ 


RTH 


_ 


_ 


12 


RCONF 


11 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


10 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OF 


RLSD 


FED 


_ 


_ 


_ 


_ 


_ 


_ 


OE 


_ 


_ 


_ 


_ 


_ 


SPEED 


OD 


P2DET 


PNDET 


_ 


_ 


_ 


_ 


_ 


_ 


OC 






_ 


_ 


_ 


_ 


_ 


RSEQ 


OB 


TONEA 


TONEB 


TONEC 


_ 


_ 


_ 


_ 




OA 




_ 


_ 


_ 


_ 


_ 


_ 


_ 


09 


_ 


_ 


_ 


_ 


_ 


DATA1 


_ 


_ 


08 


_ 


_ 


— 


— 


_ 


RTDIS 


_ 


— 


07 


-^ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


06 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


05 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


04 


_ 


_ 




_ 


_ 


_ 


_ 


__ 


03 


_ 


— 




RLSDE 


ARC1 


_ 


_ 


_ 


02 


_ 


SQDIS 


_ 


_ 


SHAP1 


CF331 


_ 


_ 


01 


RSEQM 


00 


RBUFFER/RSEQL 


(— ) Indicates reserved for modem use only. 



R144DP interface Memory (Chip 2) 



Register^ 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIA2 


_ 


— 


NSIE2 


NEWS2 


_ 


— 


_ 


IE 




DBIA2 


— 


_ 


_ 


DBIE2 


— 


0BA2 


ID 


XACC2 


_ 


_ 


^ 


_ 


XCRD2 


XWT2 


XCR2 


1C 


X RAM ADDRESS (XADD2) I 


IB 


YACC2 


_ 


_ 1 _ ] _ IYCRD2IYWT2 


YCR2 1 


1A 


Y RAM ADDRESS (YADD2) 


19 


X RAM DATA MSB (XDAM2) 


18 


X RAM DATA LSB (XDAL2) 


17 


Y RAM DATA MSB (YDAM2) 


16 


Y RAM DATA LSB (YDAL2) 


15 


— 


_ 


_ 


_ 


_ 


_ 


— 


_ 


14 


_ 


— 


_ 


_ 


— 


— 


_ 


-_ 


13 


_ 


_ 


-_ 


_ 


_ 


_ 


_ 


_ 


12 


_ 


_ 


— 


— 


— 


_ 


— 


— 


11 


— 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


10 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OF 


_ 


_ 


_ 


_ 


Rl 


_ 


_ 


_ 


OE 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OD 


— 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OC 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OB 


_ 


_ 


_ 


_ 
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Table 8. R144DP Interface Memory Bit Definitions 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


AMTD 


2:2:5 


1 


Amplitude Modulation Tracker Disable. When control bit AMTD is a 0. an adaptive amplitude 
modulation tracker is enabled In the receiver; when a 1 , the tracker is disabled. The tracker operates 
only in V.33 configurations. 


ARCO 


0:3:3 


1 


Automatic Rate Change Enable Chip 0. In V.33 configurations, control bit ARCO controls the 
transmit data rate. When ARCO is a 1 , the transmitter automatically conditions itself to transmit data 
at the highest common data rate according to the received rate sequence. When ARCO is a 0, the 
host must check the rate sequence in registers RSEQM and RSEQL and set the transmitter 
configuration accordingly (see RSEQ). ARCO must be for the transmitter to operate in the 
proprietary TCM 9600 or TCM 7200 modes. 
The undefined bits in the rate sequence can be modified in DSP RAM. 


ARC1 


1:3:3 


1 


Automatic Rate Change Enable Chip 1. In V.33 configurations, control bit ARC1 controls the receive 
data rate. When ARC1 is a 1 , the receiver automatically conditions itself to receive data at the highest 
common data rate according to the received rate sequence. When ARC1 is a 0, the host must check the 
rate sequence in registers RSEQM and RSEQL and set the receiver configuration accordingly (see RSEQ). 
ARC1 must be for the receiver to operate in the proprietary TCM 9600 or TCM 7200 modes. 


CEQ 


0:5:3 


1 


Compromise Equalizer Enable. When control bit CEQ is a 1 , the transmitter's digital compromise 
equalizer is inserted into the transmit path. This bandpass equalizer has host programmable taps in 
DSP RAM. CEQ should be a during local analog loopback. 


CF330 


0:2:2 





Carrier Frequency V.33 Chip 0. When control bit CF330 is a 1 , the transmitter carrier frequency In V.33 
configurations is 1700 Hz. When CF330 is a 0, the carrier frequency in V.33 configurations is 1800 Hz. 
The non-standard 1700 Hz option is provided for use with a secondary channel which is added at the 
high end of the band. 


CF331 


1:2:2 





Carrier Frequency V.33 Chip 1 . When control bit CF331 is a 1 , the receiver carrier frequency in V.33 
configurations is 1700 Hz. When CF331 is a 0, the carrier frequency in V.33 configurations is 1800 Hz. 
The non-standard 1700 Hz option is provided for use with a secondary channel which is added at the 
high end of the band. 


CTS 


0:F:5 


" 


Clear To Send. When set to a 1 , status bit CTS indicates to the DTE that the training sequence has 
been completed and any data present at TXD (serial mode) or in TBUFFER (parallel mode) will be 
transmitted (see TPDM). 


DATA1 


1:9:2 


1 


Data Chip 1 . When control bit DATA1 is a 0, the receiver is prevented from entering the training 
state. The receiver remains in idle mode. Tone detectors A, B and C are all active. When DATA1 is a 1 
the receiver responds normally. Tone detectors A and B are active but tone detector C is disabled. 


DATA2 


2:9:2 


1 


Data Chip 2. When control bit DATA2 is a 0, the ringing detector is enabled, and when a 1 , the 
ringing detector is disabled. This bit should be set to a 1 after the modem goes off-hook, otherwise 
the R1 signal and Ri bit will give spurious outputs. 


DBAO 


0:1E:0 




register : (TBUFFER), or registers : 1 (TSPY) and : (TSPX), and the host can write new data 
into register 0:0, or registers 0: 1 and 0:0. This condition can also cause IRQ to be asserted. The 
host writing to register 0:0 resets the DBAO and DBIAO bits to 0. (See DBIEO and DBIAO.) 


DBA1 


1:1E:0 




Data Buffer Available Chip 1 . When set to a 1 , status bit DBA1 signifies that the receiver wrote valid 
data into register 1 : (RBUFFER), or registers 1 : 1 (RSEQM) and 1 :0 (RSEQL). This condition can 
also cause IRQ to be asserted. The host reading register 1 :0 resets the DBA1 and DBIA1 bits to 0. 
(SeeDBIEIandDBIAI.) 


DBA2 


2:1E:0 


" 


Data Buffer Available Chip 2. When set to a 1 , status bit DBA2 signifies that the receiver wrote valid 
data into registers 2: 1 (RSPY) and 2:0 (RSPX). This condition can also cause IRQ to be asserted. 
The host reading register 2:0 resets the DBA2 and DBIA2 bits to 0. (See DBIE2 and DBIA2.) 


DBIAO 


0:1E:6 




a 1) and register 0:0 is empty (DBAO is set to a 1), the transmitter asserts IRQ and sets status 
bit DBIAO to a 1 to indicate that DBAO going to a 1 caused the interrupt. The host writing to register 
0:0 resets the DBIAO bit to a and clears the interrupt request due to DBAO. (See DBIEO and DBAO.) 


DBIA1 


1:1E:6 




Data Buffer Interrupt Active Chip 1. When the receiver chip 1 data buffer interrupt is enabled (DBIE1 
is a 1) and register 1 : is written to by the DSP (DBA1 is set to a 1), the receiver asserts IRQ and sets 
DBIA1 to a 1 to indicate that DBA1 going to a 1 caused the interrupt. The host reading register 1 :0 
resets the DBIA1 bit to a and clears the interrupt request due to DBA1 . (See DBA1 and DBIE1 .) 
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Table 8. R144DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



DBIA2 

DBtEO 

DBIE1 

DBIE2 

DDIS 
DTMF 



EPT 



EQFZ 
EQRES 



EQT2 

FED 

IFIX 

L2ACT 

L3ACT 



L4ACT 
MHLD 



2:1E:6 

0:1E:2 

1:1E:2 

2:1E:2 

2:8:4 
0:9:5 



0:2:0 



2:4:3 
2:4:7 



2:4:6 
1:F:6 
2:4:2 

0:7:5 

0:7.3 



0:7:2 
0:7:0 



Data Buffer Interrupt Active Chip 2. When the receiver chip 2 data buffer interrupt is enabled (DBIE2 
is a 1) and register 2 : is written to by the DSP (DBA2 is set to a 1), the receiver asserts IRQ and sets 
DBIA2 to a 1 to indicate that DBA2 going to a 1 caused the Interrupt. The host reading register 2:0 
resets the DBIA2 bit to a and clears the interrupt request due to DBA2. (See DBA2 and DBIE2.) 

Data Buffer Interrupt Enable Chip 0. When control bit DBIEO is a 1 (interrupt enabled), the 
transmitter will assert IRQ and set the DBIAO bit to a 1 w hen DBAO is set to 1 by the DSP. When 
DBIEO is a (interrupt disabled), DBAO has no effect on IRQ or DBIAO. (See DBAO and DBIAO.) 

Data Buffer Interrupt Enable Chip 1. When control bit DBIE1 is a 1 (interrupt enabled), the receiver 

will assert IRQ and set the DBIA1 bit to a 1 when DBA1 i s se t to a 1 by the DSP. When 

DBIE1 is a (interrupt disabled), DBA1 has no effect on IRQ or DBIA1 . (See DBA1 and DBIA1 .) 

Data Buffer Interrupt Enable Chip 2. When control bit DBIE2 is a 1 (interrupt enabled), the receiver 
will assert IRQ and set the DBIA2 bit to a 1 when DBA2 is set to a 1 by the DSP. When DBIE2 is a 
(interrupt disabled), DBA2 has no effect on IRQ or DBIA2. (See DBA2 and DBIA2.) 

Descrambler Disable. When control bit DDIS is a 1 , the receiver's descrambler circuit is disabled; 
when a 0, the descrambler circuit is enabled. 

DTMF Select. When the modem is configured for dialing mode, the modem will dial using DTMF 
tones or pulses. When control bit DTMF is a 1 , the modem will dial using DTMF tones. When DTMF is 
a 0, the modem will dial using pulses. The DTMF bit can be changed during the dialing process to 
allow either tone or pulse dialing of consecutive digits. Dialing mode is selected by configuration 
code 81 in the Transmitter Configuration Register (TCONF). When in dialing mode, the data placed in 
the Transmitter Data Register is treated as digits to be dialed. The number to be dialed must be 
represented by two hexadecimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the 
Transmitter Data Register). Also, see DBAO bit. 
Dialing timing and power levels are host programmable in DSP RAM (Table 11). 

Echo Protector Tone Enable. When control bit EPT is a 1 , an unmodulated carrier is transmitted for 
185 ms (SEPT bit = 0) or 30 ms (SEPT bit = 1) followed by 20 ms of no transmitted energy prior to 
the transmission of the training sequence. When EPT is a 0, neither the echo protector tone nor the 
20 ms of no energy are transmitted prior to the transmission of the training sequence. 
The echo protector tone is typically used in V.27 and V.29 over dial-up lines. The tone is sent prior to 
the training sequence to ensure that the echo suppressors are pointing in the correct direction. 

Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive equalizer taps is 
inhibited. 

Equalizer Reset. When control bit EQRES is a 1 , the receiver sets all of the adaptive equalizer's taps 
to zero. When EQRES is a 0, the equalizer taps are updated normally by the receiver. 
Setting EQRES to a 1 effectively clam ps the receiver. EQRES along with RLSDE can be used to 
clamp the receiver off and turn off the RLSD pin. An equalizer reset is automatically done for a brief 
period of time at the beginning of the train-on-data state (TOD = 1). Therefore, the host does not have 
to manually set then clear this bit to reset the equalizer for line hits, etc., when TOD is active. 

Equalizer T/2 Spacing Select. When control bit EQT2 is a 1 , the receiver's adaptive equalizer is T/2 
fractionally spaced. When EQT2 is a 0, the equalizer is T spaced (T = 1 baud time). 

Fast Energy Detector. When status bit FED is a 1 , energy in the passband above the selected 
receiver threshold has been detected (see RTH). 

Eye Fix. When control bit IFIX is a 1 , the serial diagnostic data at the EYEX and EYEY pins reflects 
the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and EYEY is selected by the 
addresses in X RAM Address and Y RAM Address registers, respectively. 

Loop 2 Activate. When control bit L2ACT is a 1 , the receiver's digital output is connected to the 
transmitter's digital input (locally activated remote digital loopback) in accordance with CCITT 
Recommendation V.54. 

Loop 3 Activate. When control bit L3ACT is a 1 , the transmitter's analog output is coupled to the 
receiver's analog input through an attenuator (local analog loopback) in accordance with CCITT 
Recommendation V.54. The modem can be placed in loop 3 in either idle or data mode. If loop 3 is 
initiated in data mode, the connection to the other modem is terminated. 
The transmitter's compromise equalizer should be disabled, by setting CEQ to a 0, during local 
analog loopback. 

Loop 4 Activate. When control bit L4ACT is a 1 , the receiver's analog input is connected to the 
transmitter's analog output (remote analog loopback) in a manner similar to CCITT Recommendation V.54. 

Mark Hold. When control bit MHLD is a 1 , the transmitter's digital input data is clamped to a mark. 
When MHLD is a 0, the transmitter's input is taken from TXD or TBUFFER (see TPDM). 
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Table 8. R1 44DP Interface Memory Bit Definitions (Continued) 


Mnemonic 


Niemory 
Location 


Default 
Value 


Name/Description 


NCIAO 


0:1F:6 




NEWCO Interrupt Active. When the new configuration chip interrupt is enabled (NCiEO is a 1) and 
a new transmitter configuration is implemented (NEWCO is reset to a 0), the DSP asserts IRQ and 
sets status bit NCIAO to a 1 to indicate that NEWCO going to a caused the interrupt. NCIAO and the 
interrupt request due to NEWO are cleared by the host writing a into NCIEO. (See NEWCO 
and NCIEO.) 


NCIA1 


1:1F:6 




NEWC1 Interrupt Active. When the new configuration chip 1 interrupt is enabled (NCIE1 is a 1) and 
a new receiver configuration is implemented (NEWC1 is reset to a 0), the DSP asserts IRQ and sets 
status bit NCIA1 to a 1 to indicate that NEWC1 going to a caused the interrupt. NCIA1 and the 
Interrupt request due to NEWC1 are cleared by the host writing a into NCIE1 . (See NEWC1 
andNCIEL) 


NCiEO 


0:1F:2 





NEWCO Interrupt Enable. When control bit NCIEO is a 1 (interrupt enabled), the transmitter will 
assert IRQ and set NCIAO to a 1 when the NEWCO bit is reset to a by the DSP. When NCIEO is a 
(interrupt disabled). NEWCO has no effect on IRQ or NCIAO. (See NEWCO and NCIAO.) 


NCiE1 


1:1F:2 





NEWC1 interrupt Enable. When control bit NCIE1 is a 1 (interrupt enabled), the receiver will assert 
IRQ and set NSIA1 to a 1 when the NEWC1 bit is reset to a by the DSP. When NCIE1 is a 
(interrupt disabled), NEWC1 has no effect on IRQ or NCIA1. (See NEWC1 and NCIA1 .) 


NEWCO 


0:1F:0 





New Configuration Chip 0. Control bit NEWCO must be set to a 1 by the host after the host changes 
the configuration code in TCONF (0:12) or the SHAPO bit (0:2:3). This informs the transmitter to 
Implement the new transmitter configuration. The DSP resets the NEWCO bit to a when the 
configuration change is implemented. A configuration change can also cause IRQ to be asserted. 
(See NCIEO and NCIAO.) 


NEWC1 


1:1F:0 





New Configuration Chip 1 . Control bit NEWC1 must be set to a 1 by the host after the host changes 
the configuration code in RCONF (1 : 12), the SHAP1 bit (1 :2:3), or RTH (1 : 13 : 2-3). This informs the 
receiver to implement the new receiver configuration and/or the new receiver threshold. The DSP 
resets the NEWC1 bit to a when the change is implemented. A configuration/receiver threshold 
change can also cause IRQ to be asserted. (See NCIE1 and NCIA1 .) 


NEWSO 


0:1F:3 




New Status Chip 0. When set to a 1 , status bit NEWSO indicates that one or more status bits located 
in registers OA to OF have changed state, or a DSP RAM read or write has been completed, in the 
transmitter. This bit can be reset to a only by the host. The host may masl< the effect of individual 
status bits upon NEWSO by writing a mask value to DSP RAM. A change of status can also cause 
IRQ to be asserted. (See NSIEO and NSIAO.) 


NEWS1 


1:1F:3 




New Status Chip 1 . When set to a 1 , status bit NEWSI indicates that one or more status bits located 
in registers OA to OF have changed state, or a DSP RAM read or write has been completed, in 
receiver DSP chip 1. This bit can be reset to a only by the host. The host may masl< the effect of 
individual status bits upon NEWS1 by writing a mask value to DSP RAM. A change of status can also 
cause IRQ to be asserted. (See NSIE1 and NSIA1.) 


NEWS2 


2:1F:3 


" 


New Status Chip 2. When set to a 1 , status bit NEWS2 indicates that a DSP RAM read or write has 
been completed in receiver DSP chip 2. This bit can be reset to a only by the host. Completion of a 
RAM read or write cycle can also cause IRQ to be asserted. (See NSIE2 and NSIA2.) 


NSiAO 


0:1F:7 




NEWSO Interrupt Active Chip 0. When the new status interrupt chip is enabled (NSIEO is a 1) and 
a change of status occurs (NEWSO is set to a 1), the transmitter asserts IRQ and sets status bit NSIAO 
to a 1 to indicate that NEWSO going to a 1 caused the interrupt. NSIAO and the interrupt request due 
to NEWSO are cleared when the host writes a to NEWSO. (See NEWSO and NSIEO.) 


NSiA1 


1:1F:7 




NEWSI Interrupt Active Chip 1. When the new status interrupt chip 1 is enabled (NSIE1 is a 1) and 
a change a status occurs (NEWSI is set to a 1), the receiver asserts IRQ and sets status bit NSIA1 to 
a 1 to indicate that NEWS1 going to a 1 caused the interrupt. NSIA1 and the interrupt request due to 
NEWSI are cleared when the host writes a to NEWS1 . (See NEWSI and NSIE1 .) 


NSIA2 


2:1F:7 




NEWS2 Interrupt Active Chip 2. When the new status interrupt chip 2 is enabled (NSIE2 is a 1) 
and a change of status occurs (NEWS2 is set to a 1), the receiver asserts IRQ and sets status bit 
NSIA2 to a 1 to indicate that NEWS2 going to a 1 caused the interrupt. NSIA2 and the interrupt 
request due to NEWS2 are cleared when the host writes a to NEWS2. (See NEWS2 and NSIE2.) 


NSiEO 


0:1F:4 





NEWSO Interrupt Enable Chip 0. When control bit NSIEO is a 1 (interrupt enabled), the transmitter 
will assert IRQ and set NSIAO to a 1 when NEWSO is set to a 1 by the DSP. When NSIEO is a 
(interrupt disabled), NEWSO has no effect on IRQ or NSIAO. (See NEWSO and NSIAO.) 


NSIE1 


1:1F:4 





NEWSI Interrupt Enable Chip 1. When control bit NSIE1 is a 1 (interrupt enabled), the receiver will 
assert IRQ and set NSIA1 to a 1 when NEWSI is set to a 1 by the DSP. When NSIE1 is a (interrupt 
disabled), NEWS1 has no effect on IRQ or NSIA1 . (See NEWS1 and NSIA1 .) 
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Table 8. R1 44DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



NSIE2 

P2DET 
PNDET 
RA 
RBUFFER 

RCONF 



RLSD 

RLSDE 
RSEQ 

RSEQL 

RSEQM 

RSPA 

RSPX 
RSPY 



2:1F:4 

1:D:7 
1:0:6 
0:7:1 
1:0:0-7 



2:F:3 

1:F:7 

1:3:4 
1:C:0 

1:0:0-7 

1:1:0-7 

2:4:4 

2:0:0-7 
2:1:0-7 



NEWS2 Interrupt Enable Chip 2. When control bit NSIE2 is a 1 (interrupt enabled), the receiver will 

assert IRQ and set NSIA2 to a 1 when NEWS2 is set to a 1 by the DSP. When NSIE2 

is a (interrupt disabled), NEWS2 has no effect on IRQ or NSIA2. (See NEWS2 and NSIA2.) 

P2 Sequence Detected. When status bit P2DET is a 1 , the receiver is detecting the P2 portion of the 
training sequence. When P2DET is a 0, P2 is not being detected. 

FN Sequence Detected. When status bit PNDET is a 1 , the receiver is detecting the PN portion of 
the training sequence. When PNDET is a 0, PN is not being detected. 



Relay Activate. When control bit RA is a 1 , the output OHRC is activated (low); when a 0, the OHRC 
output is off (high). 

Receive Buffer. The host obtains channel data from the modem receiver in the parallel data mode by 
reading a data byte from the RBUFFER. The data is divided on the baud boundaries shown under 
TBUFFER. The RBUFFER reflects the received data when the RATE bit is a 0. 

Receiver Configuration. The RCONF control bits select one of the following receiver configurations: 



Mode 


Data Rate 


RCONF (Hex) 


V.33 TCM 


14400 


31 


V.33TCM 


12000 


32 


TCM 


9600 


34 


TCM 


7200 


38 


V.29 


9600 


14 


V.29 


7200 


12 


V.29 


4800 


11 


V.27 


4800 Long 


22 


V.27 


2400 Long 


21 


V.27 


4800 Short 


02 


V.27 


2400 Short 


01 



Ring indicator. When set to a 1, status bit Rl indicates that a ringing signal is being detected. 
Ringing is detected if pulses are present on the RD input in the 15 H2-68 Hz frequency range. The 
Rl biUollows the ringing signal with a 1 during the ON time and a during the OFF time coincident 
with Rl output signal. The decision bounds are host programmable in DSP RAM. 

The bit is valid only when the receiver DATA2 bit (2:9:2) is an 0. 

Received Line Signal Detector. When status bit RLSD is a 1 , the receiver has finished receiving the 
training sequence or has turned on due to detected energy above threshold, and is receiving data. 
RLSD is a when the receiver is in the idle state and during the reception of a training sequence. 

RLSD E nable. When control bit RLSDE is a 1 , the RLSD pin reflects the RLSD bit. When RLSDE is 
a 0, the RLSD pin is clamped to a 1 (OFF condition) regardless of the state of the RLSD bit. 

Rate Sequence Received. When status bit RSEQ is a 1, the 16-bit rate sequence included in the 
CCITT V.33 start-up procedure has been received and the 16-bit rate sequence word is available in 
RSEQM (1:1) and RSEQL (1 :0). (V.33) 

Rate Sequence LSB. When the RSEQ bit is a 1 , register 1 : holds the least significant byte of the 
16-bit V.33 rate sequence word (RSEQL) received by the modem. When the RSEQ bit is a 0, register 
1 :0 holds the received data (see RBUFFER). (V.33) 

Rate Sequence MSB. When the RSEQ bit is a 1 , register 1 : 1 holds the most significant byte of the 
16-bit V.33 rate sequence word (RSEQM) received by the modem. When the RSEQ bit is a 0, register 
1 : 1 is not used. (V.33) 

Receiver Signal Point Activate. When control bit RSPA is a 1 , the receiver writes the received signal 
point coordinates, after the decision processing, into registers RSPY (2:1) and RSPX (2:0). When 
RSPA is a 0, RSPY and RSPX do not contain the signal point coordinates. 

Receiver Signal Point X. RSPX holds the X (in-phase) coordinate of the received signal point. RSPX 
is valid only when RSPA is a 1 . 

Receiver Signal Point Y. RSPY holds the Y (quadrature) coordinate of the received signal point. 
RSPY is valid only when RSPA is a 1 . 
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Table 8. R144DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


RTDIS 


1:8:2 





Receiver Training Disable. When control bit RTDIS is a 1, the receiver Is prevented from recognizing 
a training sequence and entering the training state. When RTDIS is a 0, receiver training is enabled. 


RTH 


1-13-2,3 





Receiver Threshold. The RTH control bits select the receiver energy detector threshold according to 
the following codes: 

RTH RLSD ON RLSD OFF 

-43dBm -48dBm 

1 -33dBm -38dBm 

2 -26dBm -31 dBm 

3 -16 dBm -21 dBm 


RTRN 


0:8:1 





Retrain. When the modem is in data mode, and control bit RTRN is set to a 1, a retrain sequence is 
initiated. RTRN resets to a as soon as the initiation is acknowledged. 

Fall-back or fall-forward retrains may be accomplished in V.33 mode as follows: 

Change the Transmitter Configuration Register (TCONF) to the required configuration code. Do not 
set the NEWC bits in either the transmitter (NEWCO) or receiver chip 1 (NEWC1) and do not change 
the receiver configuration register (RCONF) code. Ensure that ARCO and ARC1 bits are set to a 1. 
Finally, set the RTRN bit to a 1. If the remote modem can operate at the requested rate, the receiver 
configuration will be changed by the modem to reflect the new rate after the retrain is completed. If 
the remote modem cannot operate at the new rate, then no rate change will take place during the 
retrain and the transmitter configuration register will automatically revert back to its original 
configuration. 


RTS 


0:8:0 





Request To Send. When control bit RTS is a 1 , the modem transmits the training sequence before 
activating CTS. The RTS bit is ORed with the RTS pin. 


SDIS 


0:3:2 





Scrambler Disable. When control bit SDIS is a 1 , the transmitter scrambler circuit is disabled; when 
a 0, the scrambler circuit is enabled 


SEPT 


0:2:1 





Short Echo Protector Tone. When control bit SEPT is a 1 , the echo protector tone duration is 30 ms; 
when a 0, the echo protector tone duration is 185 ms. 


SHAPO 


0:2:3 





Transmitter Shaping Filter Select. When control bit SHAPO is a 0, the transmit spectrum is shaped 
by a square root of 12.5% raised cosine filter; when a 1 , the transmit spectrum is shaped by a square 
root of 20% raised cosine filter. NEWCO must be set after changing the SHAPO bit. (V.33) 

The 20% option is provided for use in the V.29 configurations when communicating with other 
modems which use the 20% filter. The 12.5% option is for communicating over a channel which has 
a known narrow bandwidth. This option should be used when a secondary channel is added to the 
modem. 


SHAP1 


1:2:3 





Receiver Shaping Filter Select. When control bit SHAP1 is a 0, the receiver low pass filter is square 
root of 12.5% raised cosine; when a 1, the low pass filter is square root of 20% raised cosine. 
NEWC1 must be set after changing the SHAP1 bit. (V.33) 

The 20% option is provided for use in the V.29 configurations when communicating with other 
modems which use the 20% filter. The 12.5% option is for communicating over a channel which has 
a known narrow bandwidth. This option should be used when a secondary channel is added to the 
modem. 


SPEED 


1:E:0-2 




Speed Indication. The SPEED status bits indicate the receiver's data rate at the completion of the 
training sequence for V.33 configurations. 

SPEED Data Rate 

7 V.33 14400 
6 V.33 12000 
5 V.33 9600 


SQDIS 


1 2:6 





Squarer Disable (Tone Detector C). When control bit SQDIS is a 1 , the squarer in front of tone 
detector C is disabled; when a 0, the squarer is enabled. 
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Table 8. R1 44DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



TBUFFER 



0:0:0-7 



Transmitter Buffer/Transmitter Signal Point X. The host conveys output data to the transmitter in 
the parallel mode by writing a data byte to the TBUFFER. 

The data is transmitted bit first and is divided on the following baud boundaries: 



Configuration 


Bits 


7 


6 


5 1 4 1 3 1 2 1 1 1 


V.33 14400 


— 


— 


BaudO 


V.33 12000 


— 


— 


- 1 BaudO 


TOM 9600 


Baud 1 1 Baud 


TOM 7200 


— 1 — 1 Baud1 1 BaudO 


V.29 9600 


Baud 1 1 Baud 


V.29 7200 


— 1 — 


Baud 1 1 Baud 


V.29 4800 


Baud 3 


Baud 2 1 Baudi | BaudO 


V.27 4800 


— 1 — 


Baud 1 1 Baud 


V.27 2400 


Baud 3 


Baud 2 1 Baudi | BaudO 



TCONF 



0:12:0-7 



31 



Transmitter Configuration. The TCONF control bits select one of the following transmitter configurations : 



Mode 


Data Rate 


TCONF (Hex) 


V.33 TCM 


14400 


31 


V.33TCM 


12000 


32 


TCM 


9600 


34 


TCM 


7200 


38 


V.29 


9600 


14 


V.29 


7200 


12 


V.29 


4800 


11 


V.27 


4800 Long 


22 


V.27 


2400 Long 


21 


V.27 


4800 Short 


02 


V.27 


2400 Short 


01 


Single Tone 


— 


80 


Dual Tone 


— 


83 


Dialing 


— 


81 


When a single tone or dual tone mode is selected, the modem transmits one 


or two tones respectively. The tone frequencies are host programmable in 


DSP RAM. Single tone transmit uses the Dual Tone 1 frequency and level. 



TLVL 



0:13:4-7 



Transmit Level. The TLVL code selects the transmitter analog output level at the TXA pin as follows: 

TLVL Code TX Output Level 

(Hex) (dBm±0.5dB) 

-0.5 

1 -1.5 

2 -2.5 

3 -3.5 

4 -4.5 

5 -5.5 

6 -6.5 

7 -7.5 

8 -8.5 

9 -9.5 
A -10.5 
B -11.5 
C -12.5 
D -13.5 
E -14.5 
F -15.5 

The host can fine tune the transmit level to a value lying within a 1 dB step by changing a value in 
DSP RAM. 
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Table 8. R144DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


TOD 


2:4:1 





Train On Data. When set to a 1 , control bit TOD enables the train-on-data algorithnn to converge the 
equalizer if the signal quality degrades A BER of 10-3 for 0.5 seconds initiates the train-on-data. The 
receiver can typically tram-on-data in less than 15 seconds for V.33 or V.29 and less than 3.5 seconds 
for V.27. When TOD is a 1 , the modem is still able to recognize an incoming training sequence. 


TONEA 


1:B:7 


" 


Tone A Detected. When set to a 1 , status bit TONEA indicates that energy is present on the line 
within the tone detector A passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 


TONEB 


18:6 


" 


Tone B Detected. When set to a 1 , status bit TONEB indicates that energy is present on the line 
within the tone detector B passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 


TONEC 


1:B:5 




Tone C Detected. When set to a 1 , status bit TONEC indicates that energy is present on the line 
within the tone detector C passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. The TONEC filter is preceded by a squarer in order to facilitate detection 
of difference tones. The squarer may be disabled with the SQDIS bit (see SQDIS bit). 


TPDM 


0.8.6 





Transmitter Parallel Data Mode. When control bit TPDM is a 1 , the transmitter accepts data for 
transmission from the TBUFFER (0:0) rather than the TXD input. 


TSPA 


0:5:0 





Transmitter Signal Point Activate. When control bit TSPA is a 1 , the transmitter uses the signal 
points X and Y directly from registers TSPX (0 . 0) and TSPY (0:1). The transmitter data input, 
TBUFFER and TXD, are ignored. When TSPA is a 0, the transmitter accepts data for transmission 
from the TBUFFER or the TXD input. 


TSPX 


0:00-7 


00 


Transmitter Signal Point X. When TSPA is a 1 , register : is used to transmit the in-phase (X) 
coordinate of the transmitted signal point (TSPX). 


TSPY 


0-10-7 


00 


Transmitter Signal Point Y. When TSPA is a 1 , register 0:1 is used to transmit the quadrature 
(Y) coordinate of the transmitted signal point (TSPY). 


TTDIS 


0-5.2 





Transmitter Training Disable. When control bit TTDIS is a 1 , the transmitter does not generate the 
training sequence at the start of transmission. With training disabled, the RTS/CTS delay is less than 
two baud times 


TXCLK 


0.13:0,1 





Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data clock. 
TXCLK Transmit Clock 
Internal 
2 External (XTCLK) 


3 Slave (RDCLK) 








When the external clocK is chosen, the host supplied clock must be connected to the XTCLK input 
pin. The external clock will then be reflected at the TDCLK output pin. 


When the slave clock is chosen, the transmitter clock (TDCLK) is phase locked to the receiver clock (RDCLK). 


TXSQ 


0:5:4 





Transmitter Squelch. When control bit TXSQ is a 1 , the transmitter analog output is squelched. All 
other transmitter functions continue as normal. When TXSQ is a 0, the transmitter output functions 
normally. 

This bit is useful in 2-wire configurations where it is necessary to measure the spectrum and transmit 
level of a transmitter Setting the TXSQ bit to a 1 turns off the transmitter so that only one of the two 
carriers is present. After TXSQ is set to a 0, a retrain should be sent to reestablish the data transfer. 


XACCO 


0:1D:7 





X RAM Access Enable Chip 0. When control bit XACCO is a 1, DSP chip accesses the X RAM 
associated with the address in XADDO and the XCRO bit. XWTO determines if a read or write is 
performed The DSP resets XACCO to a upon RAM access completion. 


XACC1 


1.1D:7 





X RAM Access Enable Chip 1 . When control bit XACC1 is a 1 , DSP chip 1 accesses the X RAM 
associated with the address in XADD1 and the XCR1 bit. XWT1 determines if a read or write is 
performed The DSP resets XACC1 to a upon RAM access completion. 


XACC2 


2:1D-7 





X RAM Access Enable Chip 2. When control bit XACC2 is a 1, DSP Chip 2 accesses the X RAM 
associated with the address in XADD2 and the XCR2 bit. XWT2 determines if a read or write is 
performed. The DSP resets XACC2 to a upon RAM access completion. 


XADDO 


0-1C0-7 


00 


X RAM Address Chip 0. XADDO contains the X RAM address used to access DSP chip O's X Data 
RAM (XCRO = 0) or X Coefficient RAM (XCRO = 1) via the X RAM Data LSB and MSB registers 
(0- 18 and 0- 19, respectively) (See Table 9.) 
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Table 8. R144DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


XADD1 


1:1C:0-7 


00 


X RAM Address Chip 1 . XADD1 contains the X RAM address used to access DSP chip 1 's X Data 
RAIVI (XCR1 = 0) or X Coefficient RAM (XCR1 = 1) via the X RAM Data LSB and MSB registers 
(1 : 18 and 1 : 19, respectively) (See Table 9.) 


XADD2 


2:1C:0-7 


00 


X RAM Address Chip 2. XADD2 contains the X RAM address used to access DSP chip 2's X Data 
RAM (XCR2 = 0) or X Coefficient RAM (XCR2 = 1) via the X RAM Data LSB and MSB registers 
(2: 18 and 2: 19, respectively). (See Table 9.) 


XCRDO 


0:1D:2 





X RAM Continuous Read Chip 0. When control bit XCRDO is a 1 , bits XACCO and XWTO are 
overridden and an X RAM read from chip is performed every sample from the location addressed by 
XADDO (see DSP RAM Access) 


XCRD1 


1:1D:2 





X RAM Continuous Read Chip 1. When control bit XCRD1 is a 1, bits XACC1 and XWT1 are 
overridden and an X RAM read from chip 1 is performed every sample from the location addressed by 
XADD1 (see DSP RAM Access). 


XCRD2 


2:1D:2 





X RAM Continuous Read Chip 2. When control bit XCRD2 is a 1 , bits XACC2 and XWT2 are 
overridden and an X RAM read from chip 2 is performed every baud from the location addressed by 
XADD2 (see DSP RAM Access) 


XCRO 


0:1D:0 





X Coefficient RAM Select Chip 0. When control bit XCRO is a 1 , XADDO applies to DSP chip O's 
X Coefficient RAM. When XCRO is a 0, XADDO applies to the X Data RAM. This bit must be set 
according to the desired RAM address (Table 10). 


XCR1 


1:1D:0 





X Coefficient RAM Select Chip 1 . When control bit XCR1 is a 1 , XADD1 applies to DSP chip 1 's 
X Coefficient RAM. When XCR1 is a 0, XADD1 applies to the X Data RAM. This bit must be set 
according to the desired RAM address (Table 10). 


XCR2 


2:1D:d 





X Coefficient RAM Select Chip 2. When control bit XCR2 is a 1 , XADD2 applies to DSP chip 2's 
X Coefficient RAM. When XCR2 is a 0, XADD2 applies to the X Data RAM. This bit must be set 
according tq the desired RAM address (Table 10). 


XDALO 


0:18:0-7 


00 


X RAM Data LSB Chip 0. XDALO is the least Significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 0, 


XDAL1 
XDAL2 


1:18:0-7 
2:18:0-7 


00 
00 


X RAM Data LSB Chip 1 . XDAL1 is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 1 . 

X RAM Data LSB Chip 2. XDAL2 is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 2 


XDAMO 


0:19:0-7 


00 


X RAM Data MSB Chip 0. XDAMO is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 0. 


XDAM1 


1:19:0-7 


00 


X RAM Data MSB Chip 1 . XDAM1 is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations m D?P chip 1 . 


XDAM2 


2:19:0-7 


00 


X RAM Data MSB Chip 2. )^DAM2 is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 2. 


XWTO 


0:1D:1 





X RAM Write Chip 0. When XWTO is a 1 and XACCO is set to a 1 , DSP chip copies data from the 
X RAM Data registers (0- 18 and 0: 19) into the X RAM location addressed by XADDO and XCRO. When 
control bit XWTO is a and XACCO is set to a 1 , DSP chip reads X RAM at the location addressed 
by XADDO and XCRO. The read data is stored into the X RAM Data registers (0:18 and 0: 19). 


XWT1 


1:1D:1 





X RAM Write Chip 1 . When XWT1 is a 1 and XACC1 is set to a 1 , DSP chip 1 copies data from the 
X RAM Data registers (1 : 18 and 1 : 19) into the X RAM location addressed by XADD1 and XCR1 . When 
control bit XWT1 is a and XACC1 is set to a 1 , DSP chip 1 reads X RAM at the location addressed 
by XADD1 and XCR1 . The read data is stored into the X RAM Data registers (1 : 18 and 1 : 19). 


XWT2 


2:1D:1 





X RAM Write Chip 2.When XWT2 is a 1 and XACC2 is set to a 1 , DSP chip 2 copies data from the 
X RAM Data registers (2 : 1 8 and 2 : 1 9) into the X RAM location addressed by XADD2 and XCR2. When 
control bit XWT2 is a and XACC2 is set to a 1 , the DSP chip 2 reads X RAM at the location addressed 
by XADD2 and XCR2. The read data is stored in the X RAM Data registers (2:18 and 2. 19). 


YACCO 


0:1B:7 





Y RAM Access Enable Chip 0. When control bit YACCO is a 1 , DSP chip accesses the Y RAM 
associated with the address in YADDO and the YCRO bit. YWTO determines if a read or write is 
performed. The DSP resets YACCO to a upon RAM access completion. 


YACC1 


1:1B:7 





Y RAM Access Enable Chip 1 . When control bit YACC1 is a 1 , DSP chip 1 accesses the Y RAM 
associated with the address m YADD1 and the YCR1 bit YWT1 determines if a read or write is 
performed. The DSP resets YACC1 to a upon RAM access completion. 
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Table 8. R144DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


YACC2 


2:1B:7 





Y RAM Access Enable Chip 2. When control bit YACC2 is a 1 , DSP chip 2 accesses the Y RAM 
associated with the address in YADD2 and the YCR2 bit YWT2 determines if a read or write is 
performed. The DSP sets YACC2 to a upon RAM access completion 


YADDO 


1A:0-7 


00 


Y RAM Address Chip 0. YADDO contains the Y RAM address used to access DSP chip O's Y Data 
RAM (YCRO = 0) or Y Coefficient RAM (YCRO = 1) via the Y RAM Data LS8 and MSB registers 
(0. 16 and 17, respectively). (See Table 9.) 


YADD1 


1:1A:0-7 


00 


Y RAM Address Chip 1 . YADD1 contains the Y RAM address used to access DSP chip 1 's Y Data 
RAM (YCR1 = 0) or Y Coefficient RAM (YCR1 = 1) via the Y RAM Data LSB and MSB registers 
(1 : 16 and 1 : 17, respectively). (See Table 9.) 


YADD2 


2:1A:0-7 


00 


Y RAM Address Chip 2. YADD2 contains the Y RAM address used to access DSP chip 2's Y Data 
RAM (YCR2 = 0) or Y Coefficient RAM (YCR2 = 1) via the Y RAM Data LSB and MSB registers 
(2: 16 and 2: 17, respectively). (See Table 9.) 


YCRDO 


0:1B:2 





Y RAM Continuous Read Chip 0. When control bit YCRDO is a 1 , bits YACCO and YWTO are 
overridden and a Y RAM read from chip is performed every sample from the location addressed by 
YADDO (see DSP RAM Access) 


YCRD1 


1:1B:2 





Y RAM Continuous Read Chip 1. When control bit YCRD1 is a 1, bits YACC1 and YWT1 are 
overridden and a Y RAM read from chip 1 is performed every sample from the location addressed by 
YADD1 (see DSP RAM Access) 


YCRD2 


2:18:2 





Y RAM Continuous Read Chip 2. When control bit YCRD2 is a 1 , bits YACC2 and YWT2 are 
overridden and a Y RAM read from chip 2 is performed every baud from the location addressed by 
YADD2 (see DSP RAM Access). 


YCRO 


0:18:0 





Y Coefficient RAM Select Chip 0. When control bit YCRO is a 1 , YADDO applies to DSP chip O's 

Y Coefficient RAM. When YCRO is a 0, YADDO applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9) 


YCR1 


1:18:0 





Y Coefficient RAM Select Chip 1 . When control bit YCR1 is a 1 , YADD1 applies to DSP chip 1 's 

Y Coefficient RAM. When YCR1 is a 0, YADD1 applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YCR2 


2:18:0 





Y Coefficient RAM Select Chip 2. When control bit YCR2 is a 1 , YADD2 applies to the DSP chip 2's 

Y Coefficient RAM. When YCR2 is a 0, YADD2 applies to the Y Data RAM This bit must be set 
according to the desired RAM address (Table 9). 


YDALO 


0.16:0-7 


00 


Y RAM Data LSB Chip 0. YDALO is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 0. 


YDAL1 


1:16:0-7 


00 


Y RAM Data LSB Chip 1 . YDAL1 is the least significant byte of the 16-bit Y RAM data word used m 
reading or writing Y RAM locations in DSP chip 1 . 


YDAL2 


2:16:0-7 


00 


Y RAM Data LSB Chip 2. YDAL2 is the least significant byte of the 16-bit Y RAM data word used in 
reading or wnting Y RAM location in DSP chip 2. 


YDAMO 


0:17:0-7 


00 


Y RAM Data MSB Chip 0. YDAMO is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 0. 


YDAM1 


1:17:0-7 


00 


Y RAM Data MSB Chip 1. YDAM1 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 1 . 


YDAM2 


2:17:0-7 


00 


Y RAM Data MSB Chip 2. YDAM2 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 2. 


YWTO 


0:18:1 





Y RAM Write Chip 0. When YWTO is a 1 and YACCO is set to a 1 , DSP chip copies data from the 

Y RAM Data registers (0- 16 and 0: 17) into the Y RAM location addressed by YADDO and YCRO. 
When control bit YWTO is a and YACCO is set to a 1 , DSP chip reads Y RAM at the location 
addressed by YADDO and YCRO. The read data is stored into the Y RAM Data registers (0 : 1 6 and : 1 7). 


YWT1 


1:18:1 





Y RAM Write Chip 1. When YWT1 is a 1 and YACC1 is set to a 1 , DSP chip 1 copies data from the 

Y RAM Data registers (1 : 16 and 1 : 17) into the Y RAM location addressed by YADD1 and YCR1 
When control bit YWT1 is a and YACC1 is set to a 1 , DSP chip 1 reads Y RAM at the location 
addressed by YADD1 and YCR1 . The read data is stored into the Y RAM Data registers (1:16 and 1 : 1 7). 


YWT2 


2:18:1 





Y RAM Write Chip 2. When YWT2 is a 1 and YACC2 is set to a 1 , DSP chip 2 copies data from the 

Y RAM Data registers (2- 16 and 2 17) into the Y RAM location addressed by YADD2 and YCR2 
When control bit YWT2 is a and YACC2 is set to a 1 , DSP chip 2 reads Y RAM at the location 
addressed by YADD2 and YCR2 The read data is stored in the Y RAM Data registers (2 : 1 6 and 2 : 1 7) 
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DSP RAM ACCESS 

DSP RAM Organization 

Each DSP cpntains a 16-bit wide random access memory (RAM). 
Because the DSP is optimized for performing complex arithmetic, 
the RAM is organized into real (X RAM) and imaginary (Y RAM) 
parts. The host processor can access (read or write) the X RAM only, 
the Y RAM only, or both the X RAM and the Y RAM simultaneously. 

Interface Memory Access to DSP RAM 

The interface memory acts as an intermediary during host to 
DSP RAM or DSP RAM to host data exchanges. The address 
stored in DSP interface memory RAM Access registers by the host, 
in conjunction with the data or coefficient RAM bit (e.g., XCRO) 
determines the DSP RAM address for data access. 

One or two 16-bit words are transferred between DSP RAM and 
DSP interface memory once each device cycle. The transmitter 
device and the receiver sample rate device operate at the 9600 Hz 
sample rate. The receiver baud rate device operates at the baud 
rate of the selected data rate. 

Two RAM access bits in each DSP interface memory tell the DSP 
to access the X RAM and/or Y RAM. For example, the transfer is 
initiated in the transmitter by the host setting the XACCO and/or 
the YACCO bit(s). The transmitter tests these bits each sample 
period. The receiver tests XACC1 and YACC1 each sample period 
and XACC2 and YACC2 each baud period. 

The following procedure applies to DSP RAM access in the trans- 
mitter device. The procedure to access DSP RAM in the receiver 
devices is the same with the exception of the RAM access bit 
names. 

DSP RAM Read Procedure (Transmitter) 

Before reading from DSP interface memory, set XACCO and 
YACCO to a 0. Set XWTO and/or YWTO to a to inform the DSP 
that a RAM read will occur when XACCO and/or YACCO is set to 
a 1 . Load the RAM Address code into X RAM Address and/or 
Y RAM address register; then set XCRO and/or YCRO appropri- 
ately. Set XACCO and/or YACCO to a 1 to signal the DSP to 
perform the RAM read. When the DSP has transferred the 
contents of RAM into the interface memory RAM Data registers, 
the DSP sets the XACCO and/or the YACCO bit to a and the 
NEWSO bit to a 1 to indicate DSP RAM read completion. 

If the NSIEO bit Is a 1 , PQ is also asserted when NEWSO is set 
to a 1 . When IRQ is asserted, NSIAO goes to a 1 to inform the host 
that setting of the NEWSO bit was the source of the interrupt. 
NSIA O is cleared by writing a into the NEWSO bit, which causes 
IRQ to return high if no other interrupt requests are pending. 

DSP RAM Write Procedure (Transmitter) 

Before writing to DSP interface memory, set XACCO and YACCO 
to a 0. Set XWTO and/or YWTO to a 1 to inform the DSP that a RAM 
write will occur when XACCO and/or YACCO is set to a 1 . Load 
the RAM address into X RAM Address and/or Y RAM Address 



registers; then set XCRO and/or YCRO appropriately. Write the 
desired data into the interface memory RAM Data registers then 
set XACCO and/or YACCO to a 1 to signal the DSP to perform the 
RAM write. When the DSP has transferred the contents of the 
interface memory RAM Data registers into RAM, the DSP sets the 
XACCO and/or the YACCO bit to a and the NEWSO bit to a 1 to 
indicate DSP RAM write completion. 

If the NSIEO bit is a 1 , IRQ is also asserted and NSIAO is set to a 
1 when NEWSO is set to a 1 . NSIAO is cleared by writing a into 
the NEWSO bit, which also causes IRQ to return high if no other 
interrupt requests are pending. 

CONTINUOUS RAM READ PROCEDURE 

There are several diagnostic parameters that the host may wish 
to read every sample or every baud period. One example of this 
Is the EQM (Eye Quality Monitor) value in chip 2 (receiver baud). 
The host may avoid having to set the XACC2/YACC2 bit every 
baud period by using the continuous read feature. Setting XCRD2 
to a 1 overrides both XACC2 and XWT2 bits, while setting YCRD2 
to a 1 overrides both YACC2 and YWT2 bits. 

The RAM address registers 1 A and 1 C and the XCR2 and YCR2 
bits must be set up as described in the general DSP RAM read 
procedure. Then set XCRD2 and YCRD2 to 1 . The chip 2 DSP 
will then transfer data to the interface memory every baud. The 
NEWS2 bit is set as described in the general DSP RAM read 
procedure. 

The transmitter (chip 0) and receiver (chip 1) can be similarly 
treated, however, data will be transferred every sample by each 
device. 

Table 9 provides the RAM functions, address codes, and 
registers. 



SOFTWARE INTERFACE CONSIDERATIONS 



INTERRUPT REQUEST HANDLING 

DSP interface memory registers registers 00, 1 E and 1 F have 
unique hardware connections to the interrupt logic. Register 00 
is the Receive Buffer (RBUFFER)/Rate Sequence Code 
LSB (RSEQL) in the receiver sample rate device and the Transmit 
Buffer (TBUFFER)/Transmit Signal Point X (TSPX) in the trans- 
mitter device. Registers IE and 1 F hold interrupt flag, interrupt 
enable, and interrupt active bits. When a condition occurs that 
satisfies an interrupt criteria, the corresponding interrupt flag bit 
is set. This interrupt flag can be reported to the host e ither by the 
host polling th e inte rrupt flag bits (i.e., not using IRQ) or b y bein g 
Interrupted by IRQ. When an interrupt enable bit is a 1, IRQ is 
asserted and the appropriate interrupt active bit set to a 1 when 
the corresponding interrupt condition occurs. 

The basic sources for IRQ generation are status change detected, 
configuration change implemented, receive buffer full and trans- 
mit buffer empty. Each source is individually maskable. Table 1 
identifies the interrupt sources and describes the interrupt clearing 
procedures. 
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Table 9. R144DP RAM Addresses 









Address Code 










Address Code 




Real 


Imaginary 


Real 


Imaginary 






Chip 


Part 


Part 


CR 






Chip 


Part 


Part 


CR 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


No. 


Function 


No. 


(X) 


(Y) 


B\V 


1 


Transmitter Compromise Equalizer 
Coefficients: 










21 


Receiver Sample New Status Bit 
(NEWS1) 












First Tap 





5B 


— 


1 




Masking Register for 1:A and 1:B 




9B 


— 


1 




Last Tap 





34 


— 


1 




Masking Register for 1:C and 1:D 




9C 


— 


1 


2 


V.33 Rate Sequence 





93 


— 


1 




Masking Register for 1 :E and 1 :F 




9D 


— 


1 


3 


DTIVIF Tone Duration 





9A 


— 


1 


22 


Received Signal Samples 




03 


— 





4 


DTMF Interdigit Delay 





1A 


— 


1 


23 


Demodulator Output 




04 


84 





5 


DTMF Low Band Power Level 





19 


— 


1 


24 


Low Pass Filter Output 




00 


80 





6 


DTMF High Band Power Level 





99 


— 


1 


25 


Average Energy 




02 


— 





7 


Pulse Relay Make Time 





9C 


— 


1 


26 


AGO Gain Word 




01 


— 


1 


8 


Pulse Relay Break Time 





1C 


— 


1 


27 


Timing Recovery Update 




25 


— 





9 


Pulse Interdigit Delay 





IB 


— 


1 


28 


Equalizer Input 


2 


18 


98 





10 


Transmitter Output Level Gain Constant 





99 


— 





29 


Equalizer Tap Coefficients: 










11 


Dual Tone 1 Frequency 





87 


— 







First Tap 


2 


18 


98 


1 


12 


Dual Tone 2 Frequency 





90 


— 


1 




Last Tap 


2 


47 


C7 


1 


13 


Dual Tone 1 Power Level 





02 


— 





30 


Unrotated Equalizer Output 


2 


01 


81 





14 


Dual Tone 2 Power Level 





82 


— 





31 


Rotated Equalizer Output 


2 


02 


82 


1 


15 


Transmitter New Status Bit (NEWSO) 





11 


~ 


1 




(Received Points) 












Masking Register for 0:E and 0:F 










32 


Decision Points (Ideal Points) 


2 


02 


82 





16 


Tone Detector A Bandpass 




26 


— 


1 


33 


Equalizer Error 


2 


03 


83 







Filter Coefficients 










34 


Equalizer Rotation Angle 


2 


87 


— 


1 


17 


Tone Detector B Bandpass 




2C 


— 


1 


35 


Equalizer Frequency Correction 


2 


OA 


— 


1 




Filter Coefficients 










36 


Eye Quality Monitor (EQM) 


2 


07 


— 


1 


18 


Tone Detector C Bandpass 




32 


— 


1 


37 


Maximum Penod of Valid Ring Signal 


2 


17 


— 







Filter Coefficients 










38 


Minimum Period of Valid Ring Signal 


2 


97 


— 





19 


RLSD On-to-Off Threshold 




07 


— 


1 


39 


Receiver Chip 2 New Status Bit (NEWS2) 


2 


7E 


— 





20 


RLDSOff-to-On Threshold 




01 


— 







Masking Register for 2:E and 2F 










Note: 1 . CR corresponds to XCRO, YCRO, X( 


:R1,YCR1.XCR2,or 


YCR2 depending on the chip number and address code. 







Table 10. Interrupt Request Bits 



Interrupt 

Active 

Bit 


Interrupt 

Enable 

Bit 


Interrupt 
Flag 
Bit 


Interrupt Condition Description 


Interrupt Clear Procedure 


Transmitter (DSP Chip 0) | 


NSIAO 


NSIEO 


NEWSO 


New status detected (NEWSO transitioned from a to 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWSO 
(Clears NSIAO to a 0) 


NCIAO 


NCIEO 


NEWCO 


New transmitter configuration implemented by DSP 
(NEWCO transitioned from a 1 to a 0) 


Host writes a into NCIEO 
(Clears NCIAO to a 0) 


DBIAO 


DBIEO 


DBAO 


Transmitter Data Buffer is empty and can be written 
(DBAO transitioned from a to a 1) 


Host writes to register 
0:0 (TBUFFER/TSPX) 
(Clears DBAO and DBIAO to 0) 


Receiver (DSP Chip 1) | 


NSIA1 


NSIE1 


NEWS1 


New status detected (NEWS1 transitioned from a to a 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWS1 
(Clears NSIA1 to a 0) 


NCIA1 


NCIE1 


NEWC1 


New receiver configuration or receiver threshold 
implemented by DSP (NEWC1 transitioned from a 1 to a 0) 


Host writes a into NCIE1 
(Clears NCIA1 to a 0) 


DBIA1 


DBIE1 


DBA1 


Receiver Chip 1 Data Buffer is full and can be read 
(DBA1 transitioned from a to a 1) 


Host reads register 
1:0(RBUFFER/RSEQL) 
(Clears DBA1 and DBIA1 to 0) 


Receiver (DSP Chip 2) | 


NSIA2 


NSIE2 


NEWS2 


New status detected (NEWS2 transitioned from a to a 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OF 


Host writes a into NEWS2 
(ClparsNSIA2toaO) 


TBIA2 


DBIE2 


DBA2 


Receiver Chip 2 Data Buffer is full and can be read 
(DBA2 transitioned from a to a 1) 


Host reads register 2:0 (RSPX) 
(Clears DBA2 and DBIA2 to 0) 
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AUTO DIAL PROCEDURE 

The host auto dial procedure is the same as outputting data to be 
transmitted using TBUFFER (Figure 5). The modem timing 
accounts for the DTIVIF tone duration and amplitude, pulse 
make/break ratio, and interdigit delay. These dialing parameters 
are host programmable in DSP RAM. 

The levels of the high band and low band DTMF tones may be 
modified by the host in DSP RAM. The level of the high band 
DTMF tone should be 2dBm greater than the level of the low band 
DTMF tone. 



The auto dialer default parameters are given in Table 11. 
Table 11. Auto Dialer Default Parameters 



Parameter 


Default Value 


DTMF Tone Duration 
DTMF Interdigit Delay 
DTMF Total Output Power Level 
DTMF Low Band Power Level 
DTMF High Band Power Level 


95 ms 

70 ms 

OdBm 

-4dBm 

-2dBm 


Pulse Relay Make Time 
Pulse Relay Break Time 
Pulse Interdigit Delay 


36 ms 

64 ms 

750 ms 











igits 














DialD 


( START j 






Hex 


Dial 
Digits 


Tone Pairs 




♦ 






1 — RTS (0:8:0) 




GO 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 




1 
2 
3 
4 
5 
6 
7 
8 
9 

# 


941 
697 
697 
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770 
770 
770 
852 
852 
852 
941 
941 


1336 
1209 
1336 
1477 
1209 
1336 
1477 
1209 
1336 
1477 
1209 
1477 




♦ 






1 -* RA (0:7:1) 
ACTIVATE OHRC 






♦ 






81 -* TCONF (0:12:0-7) 
1 -* NEWC0(0:1F:0) 






♦ 








1 (TONES)-* DTMF (0:9:5) 
(PULSES) -* DTMF (0:9: 5 






















♦ 








WRITE FIRST 

DIGIT IN TBUFFER (0:0) 






1 








f 


N 




^ DBA0(0:1E:0) = 1? y 














\' 








rPITE D 
J TBUFF 
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-ER(0:0) 


N 


^ LAST DIGIT? \ 
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f 


N 
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REQ'D CONFIGURATION 
-* TCONF (0:12: 0-7) 
1 -* NEWC0(0:1F:0) 






f STOP j 























Figure 5. R144DP Auto Dial Sequence and Dial Digits 
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PERFORMANCE 



TYPICAL BIT ERROR RATES 

Typical modem bit error rate (BER) curves are shown in Figure 6 
for a back-to-bacl< connection. 



TYPICAL BER TEST SETUP 

The BER curves shown in Figure 6 were prepared from data 
obtained with a TAS 1002 test system. 
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5 10 15 20 25 30 

Signal to Noise Ratio (SNR) -dB 
a. Typical Bit Error Rate (Back-to-Back, -20 dBm Receive Level, 
T Equalizer, Compromise Equalizer Disabled) 




Figure 6. Bit Error Rate Curves 
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GENERAL SPECIFICATIONS 



Table 12. R144DP Modem Power Requirements 



Voltagei 


Tolerance 


Current (Typical) 

@25°C 


Current (Maximum) 
@0°C 


+ 5VDC 
+ 12VDC 
-12VDC 


±50/0 
±5% 
±50/0 


170 mA 

3 mA 

30 mA 


325 mA 

6 mA 

36 mA 


Note: 1. Input voltage ripple <0.1 volts peak-to-peak. 



Table 13. R144DP Modem Environmental Specifications 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 


0°Cto +70°C(32*'Fto158°F) 

-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 

-200 feet to +10,000 feet 



Table 14. R144DP Modem Mechanical Dimensions 



Parameter 


Specification 


DIN Connector Version 




Board Structure: 


Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated. The 




modem can also be ordered with the following DIN connector: 64-pin DIN right angle female, 64-pin 




DIN vertical male or 64-pin DIN vertical female. 


Mating Connector: 


Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical receptacle: 




Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent. 


Dimensions: 




Width 


3.937 in. (100 mm) 


Length 


4.725 in. (120 mm) 


Connector Height 


0.437 in. (11.1 mm) 


Component Height 




Top (max.) 


0.300 in. (7.62 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max.): 


3.6 oz (100 g) 


Lead Extrusion (max.): 


0.100 in. (2.54 mm) 


DIP Connector Version 




Board Structure: 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 




Width 


3.228 in (82 mm) 


Length 


3.937 in. (100 mm) 


Component Height 




Top (max.) 


0.300 in. (7.62 mm) 


Bottom (max.) 


0.130 in. (3.3 mm) 


Weight (max.): 


3.60Z. (lOOg) 


Pin Length (max.) 


0.535 ±0.015 in. (13.6 ±0.4 mm), gold plated. 




0.433 ±0.015 in (11.0 ±0.4 mm), gold plated. 




0.315 ±0.015 in (8.0 ±0.4 mm), gold plated. 
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3.937 
(100) 
3.700 
(94) 



0.156 ±0.003 DIA (6 PL) 
(3.96) 



0.119 

(3) "] 



3.275 



4.100 



(83) 



. (104) 



MALE 64-PiN 
DIN CONNECTOR 



(120) 



0.496 



(12.6) 



0.483 
(12.3) 



0.300 MAX 
(7.62) 




0.437 
jT (11.1) 



0.062 TYP 
(1.6) 



0.130 MAX t 
(3.3) 
COMPONENT AREA 
DIN CONNECTOR VERSION 



UNITS: 



INCHES 



3.228 
(82) 



3.025 
(76.8) 



0.100 
(2.54) 

0.100 -*■ 

(2.54) 



t 



0.250 
(6.4) 



)OO0O00O0OOOOOOOO(j) 



); )OOOOOOOOOOOOOOOOOOOOOOOitc 



_^ ^ 0.100 (TYP.) 



(2.54) 



3.725 



3.937 



(94.6) 



SEE TABLE 14 



(100) 
0.025 SO. PIN 
(0.64) (61 PL) 



0.098 DIA (3 PL) 
(2.5) 



J Li. 



I 0.075 
(1.9) 




(3.3) 
-COMPONENT AREA 
DIP CONNECTOR VERSION (PRELIMINARY) 



Figure 7. R144DP Modem Dimensions and Pin Locations 
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ELECTROMECHANICAL DESIGN 
CONSIDERATIONS 

The area outlined by the analog ground plane in Figure 8 contains 
components which are sensitive to electromagnetic interference 



(EMI). When designing the host system, do not position radiating 
circuitry in the vicinity of this sensitive area. A ground plane 
adjacent to the modem analog circuitry is recommended. 



r^^ 





ANALOG 

GROUND ► 

PLANE 



C'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOt 



Figure 8. Analog Ground Plane Location 
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INTRODUCTION 

The Rockwell R1496DP is a 14400 bps 4-wire/9600 bps 2-wire full- 
duplex, synchronous/asynchronous CCITT V.33 and V.32 modem 
data pump. It Is designed to operate over leased lines, with dial 
backup, through the appropriate line termination. It is packaged 
in a small module with dual-in-line (DIP) connection for direct 
installation onto a host module. 



The modem satisfies the telecommunications requirements speci- 
fied In CCITT recommendations V.33, V.32, V.29, and V.22 bis. The 
R1496DP can operate at speeds of 14400, 12000, 9600, 7200, 4800, 
2400, or 1200 bps. 



The R1496DP is designed for use in ultra high speed data appli- 
cations. User programmable features allow the modem operation 
to be tailored to support a wide range of functional requirements. 
The modem's small size (less than 13 square inches), low 
power consumption, serial/parallel host interface, and DIP con- 
nection simplify system development and reduce system pro- 
duction cost. 



This data sheet applies to the R1496DP with device numbers 
C5309-13, C5306-17, C5307-17, and subsequent. 



FEATURES 

• Compatibilities 

— CCITT: V33, V32, V29, V22 bis 

• Parallel synchronous 

• Serial synchronous/asynchronous 

• 4-Wire/2-Wire Full-Duplex Operation 

• Trellis-Coded Modulation (TCM) at 14400, 12000, 9600 and 
7200 bps 

• 12000 bps data rate in V.32 (proprietary) 

• Programmable Near and Far End Echo Cancellation 

• Bulk Delay for Satellite Transmission 

• Auto-Dial and Auto-Answer Capability 

• DTE Interface 

— Functional: CCITT V24 (RS-232-C) (Data/Control) and 
Microprocessor Bus (Data/Configuration/Control) 

— Electrical: TTL and CMOS Compatible 

• Dynamic Range: - 43 dBm to dBm 

• Equalization 

— Compromise Equalizer in Transmitter 

— Automatic Adaptive Equalizer in Receiver 

• Diagnostic Capability 

• Loopback 

— Local Analog 

— Remote Digital 

— Remote Analog (V.33, V.29) 

• Small Size 

— 82 mm x 100 mm (3.23 in. x3.94 In.) with DIP Connection 

• Low Power Consumption: 1.9 W (Typical) 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES 
AND DATA RATES 

The selectable modem configurations, along with the correspond- 
ing signaling (baud) rates and data rates, are listed in Table 1 . 

TONE GENERATION 

Under control of the host processor, the modem can generate 
single or dual voice-band tones from Hz to 4800 Hz with a reso- 
lution of 0.1 5 Hz and an accuracy of 0.01 %. Tones over 3000 Hz 
are attenuated. DTMF tone generation allows the modem to oper- 
ate as a programmable DTMF dialer. 

DATA ENCODING 

The data encoding conforms to CCITT recommendations V.33, 
V.32, V.29, and V.22 bis. 

EQUALIZERS 

Equalization functions are provided that improve performance 
when operating over low quality lines. 

Compromise Equalizer — A 40-tap digital finite impulse 
response (FIR) filter in the transmitter provides compromise 
equalization. The filter taps can be changed in DSP RAM for vary- 
ing line conditions. The default equalizer tap coefficients compen- 
sate for half the amplitude distortion of a 3002 unconditioned line 
and for half the group delay distortion of a 3002 unconditioned 
line. The filter can be enabled or disabled using the GEO bit in 
the Chip interface memory. 

Automatic Adaptive Equalizer — A 48-tap automatic adap- 
tive equalizer is provided in the receiver. The equalizer can be 
configured as either a T or a T/2 equalizer using the EQT2 bit in 
the Chip 2 interface memory. 

TRANSMITTED DATA SPECTRUM 

When the compromise equalizer is disabled, the transmitter spec- 
trum is shaped by raised cosine filter functions as follows: 

Configuration Raised Cosine Filter Function 

V.33, V.32, V.29 Square root of 12.5% or 20% as 

selected by the SHAPO bit in the 
transmitter interface memory. 

V.22 bis Square root of 75% 



RTS-CTS RESPONSE TIME 

The response times of CTS relative to a corresponding transition 
of RTS are given in Table 2. 



Table 2. RTS-CTS Response Time 




RTS-CTS Response^ 


Turn-Off 


Constant Controlled 


Configuration 


Carrier 


Carrier 


Sequence^ 


V.33 


— 


1393 ms2 


15 ms 


V.29 


— 


253 ms2 


12 ms 


V.32 


<2ms 


— 


^ 


V.22 bis 


<2ms 


270 ms 


— 


Notes: 




1 . Times listed are CTS turn-on. CTS turn-off is less than 2 ms for 


all configuration. 


2. Add echo protector tone duration plus 20 ms when echo protec- 


tor tone is used. 


3. Turn-off sequence consists of transmission of remaining data and 


scrambled ones for controlled carrier operation. 


— = not applicable 



TRANSMIT LEVEL 

The transmitter output level is selectable from -0.5 dBm to 
- 15.5 dBm in 1 dS steps and is accurate to ± 0.5 dB. The output 
level can also be fine tuned to a value within a 1 dB step by chang- 
ing a gain constant in RAM. 

TRANSMITTER TIMING 

Transmitter timing is selectable between internal (±0.01%), 
external or loopback. 

SCRAMBLER/DESCRAMBLER 

The modem Incorporates a self-synchronizing scrambler/ 
descrambler in accordance with the applicable CCITT 
recommendation. 

ANSWER TONE 

The transmitter generates a 2100 Hz answer tone for 3.6 seconds 
at the beginning of the answer handshake when the NV25 bit is 
a zero. This is applicable to V.32 and V.22 bis. The V.32 answer 
tone has 180 degree phase reversals every 0.45 seconds to 
disable network echo cancellers. 



Table 1. Configurations, Signaling Rates and Data Rates 



Configuration 


Modulationi 


Carrier Frequency 

(Hz) 

±0.01% 


Data Rate 

(bps) 

±0.01% 


Baud 
(Symbols/Sec.) 


Bits per Symbol 


Constellation 
Points 


Data 


TCM 


V.33 14400 
V.33n2000 
V.33 9^00 TCM2 
V.33 7200 TCM2 
V.32 12000 TCM2 
V.32 9600 TCM 
V.32 9600 
V.32 4800 
V.32 7200 TCM2 
V.29 9600 
V.29 7200 
V.29 4800 
V.22 bis 2400 
V.22 bis 1200 
Tone Transmit 


TCM 
TCM 
TCM 
TCM 
TCM 
TCM 
QAM 
QAM 
TCM 
QAM 
QAM 
QAM 
QAM 
QAM 


1800 or 1700. 

1800 or 1700 

1800 or 1700 

1800 or 1700 

1800 

1800 

1800 

1800 

1800 

1700 

1700 

1700 

1200/2400 

1200/2400 


14400 
12000 
9600 
7200 
12000 
9600 
9600 
4800 
7200 
9600 
7200 
4800 
2400 
1200 


2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
600 
600 


6 
5 
4 
3 
5 
4 
4 
2 
3 
4 
3 
2 
4 
2 





1 








128 
64 
32 
16 
64 
32 
16 

4 
16 
16 

8 

4 
16 

4 


Notes: 1. Modulation legend: TCM: Trellis-Coded Modulation 2. Proprietary 
QAM: Quadrature Amplitude Modulation 
FSK: Frequency Shift Keying 
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RECEIVE LEVEL 

The receiver satisfies performance requirements for received line 
signal levels from dBm to - 43 dBm. The received line signal 
level is measured at the Receiver Analog (RXA) input. 

RECEIVER TIMING 

The timing recovery circuit can track a ± 0.01% frequency error 
in the associated transmit timing source. 

CARRIER RECOVERY 

The carrier recovery circuit can track a ± 7 Hz frequency offset 
in the received carrier with less than a 0.2 dB degradation in bit 
error rate (BER). 

CLAMPING 

Received Data (RXD) is clamped to a cons tant mar k when ever the 
Received Line Signal Detector (RLSD) Is off. RLSD can be 
clamped off by a bit in the receiver sample rate device interface 
memory (RLSDE). 

ECHO CANCELLER 

A data echo canceller with near-end and far-end echo cancella- 
tion is included for 2-wire full duplex V.32 operation. The combined 
eicho span of near and far cancellers is host programmable with 
a default value of 53.3 ms (53.3 ms is also the maximum program- 
mable value). The proportion allotted to each end is host program- 
mable with default values of 23.3 ms for near-end and 30 ms for 
far-end. The delay between near-end and far-end echoes can be 
up to 1.7 seconds. The canceller can compensate for ± 7 Hz fre- 
quency offset in the far-end echo. 

The echo canceller error signal may be monitored through the 
transmitter DSP interface memory. 

ASYNC/SYNC, SYNC/ASYNC CONVERSION 

An asynchronous-to-synchronous converter is provided in the 
transmitter and a synchronous-to-asynchronous converter is 
provided in the receiver. The converter operates in serial mode 
only. The asynchronous character format is 1 start bit, 5 to 8 data 
bits, an optional parity bit, and 1 or 2 stop bits. Valid character sizes, 
Including all bits, are 7, 8, 9, 10 and 11 bits per character. Two ranges 
of signaling rates are provided: 

• Basic range: + 1% to - 2.5% 

• Extended overspeed range: + 2.3% to - 2.5% 

When the transmitter's converter is operating at the basic signal- 
ing rate, no more than one stop bit will be deleted per 8 consecu- 
tive characters. When operating at the extended rate, no more than 
one stop bit will be deleted per 4 consecutive characters. Break 
is handled in the transmitter and receiver as described In V.22 bis. 

Asynchronous characters are accepted by the transmitter on the 
TXD serial input and issued by the receiver on the RXD serial out- 
put. To configure the converters, the host must set up interface 
memory bits EXOSO, PENG, STBO and WDSZO bits before setting 
ASYNO for the transmitter and EXOS1, PEN1, STB1 and WDSZ1 
bits before setting ASYN1 for the receiver. (See description of these 
bits In Table 8.) Asynchronous data mode is not supported at data 
rates greater than 9600 bps. 



AUTO-DIALING AND AUTO-ANSWERING CONTROL 

General Description 

Functions are provided to allow the host to perform auto-dialing 
and auto-answering. These functions include DTMF or pulse dial- 
ing, ringing detection and a comprehensive supervisory tone 
detection scheme. The major parameters of these functions are 
host programmable, enabling the host to customize the modem 
to work on the public switched telephone network (PSTN). 

Supervisory Tone Detection 

Three parallel tone detectors (A, B, and 0) are provided for super- 
visory tone detection. The signal path to these detectors is 
separate from the main received signal path. Therefore, the tone 
detect signal does not pass through the highpass section of the 
analog receive bandpass filter, enabling the tone detection to be 
largely independent of the receiver status. The tone detection 
bandwidth depends on the configuration: 




Receiver Configuration 




V.33, V.32 

V.29 

V.22 bis Originate 

V.22 bis Answer 


0-3400 Hz 
0-3400 Hz 
0-2800 Hz 
0-1700 Hz 



There are, however, some restrictions depending on the receiver 
configuration and status: 

1 . When DATA1 bit (see Table 8) is a 0, all three tone detectors are 
enabled. 

2. When DATA1 bit is a 1 and the receiver is in synchronous mode 
(except V.32 12000), tone detectors A and B are enabled and 
tone detector C is disabled. 

3. When DATA1 bit Is a 1, the receiver is In asynchronous mode 
or V.32 12000, and the TDAE bit is a 1 , tone detector A is enabled 
and tone detectors B and are disabled. 

4. All three tone detectors are disabled during a V.32 handshake. 

Each tone detector consists of two cascaded second order IIR 
biquad filters. The coefficients are host programmable. Each fourth 
order filter is followed by a level detector which has host program- 
mable turn-on and turn-off thresholds allowing hysteresis. Tone 
detector C is preceded by a prefilter and squarer. This circuit Is 
useful for detecting a tone with frequency equal to the difference 
between two tones that may be simultaneously present on the line. 
The squarer may be disabled by the SQDIS bit in Interface memory 
causing tone detector C to be an eighth order filter. 

Supervisory Tone Detectors, Default Characteristics 

The default bandwidths and thresholds of the tone detectors are 
as follows: 



Tone Detector 


Bandwidth 


Turn-On 
Threshold 


Turn-Off 
Threshold 


A 

B 

C Prefilter 

C 


245-650 Hz 

360-440 Hz 

0-500 Hz 

50-110 Hz 


-25 dBm 

-25 dBm 

N/A 


-31 dBm 

-31 dBm 

N/A 


*Tone Detector C will detect a difference tone within its bandwidth 
when the two tones present are in the range - 1 dBm to - 26 dBm. 



2-105 



R1496DP 



V.33 14.4 kbps/V.32 9600 bps Full-Duplex Modem 



HARDWARE INTERFACE SIGNALS 

The functional interconnect diagram (Figure 1) siiows the typical 
modem connection in a system. In this diagram, any point that is 
active low is represented by a small circle at the signal point. 

Edge triggered inputs are denoted by a small triangle (e.g., 
TDCLK). Open-Collector (open-sour ce or open-drain) outputs are 
denoted by a sm all hal f-circle (e.g., IRQ). Active low signals are 
overscored (e.g., POR). 

A clock intended to activate logi c on its r ising edge (low-to-high 
transition) is called active low (e.g., RDCLK), while a clock intended 



to activate logic on its falling edge (high-to-low transition) is called 
active high, (e.g., TDCLK). When a clock input is associated with 
a small circle, the input activates on a falling edge, if no circle is 
shown, the input activates on a rising edge. 



The hardware interconnect signals shown in Figure 1 are 
organized into six functional groups: overhead, microprocessor 
interface, V.24 interface, anpillary, analog, and diagnostic. These 
signals, along with their connector pin numbers and interface cir- 
cuit types, are listed in Table 3. The digital interface characteris- 
tics are defined in Table 4. 
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PROCESSOR 

(DTE) 



DATA BUS (8) 



-♦< 



ADDRESS BUS (5) 
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■<) 



KD) 
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MODEM 



o 



-♦> 



nz 
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CIRCUIT 
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Figure 1. R1496DP Functional Interconnect Diagram 
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Table 3. R1 496DP Hardware Interface Signals 



Name 


Typei 


PinNo.2 1 Description 


A. OVERHEAD: 


Ground (A) 


AGND 


30,31 


Analog Ground Return 


Ground (D) 


DGND 


29.37,53 


Digital Ground Return 


+ 5V 


PWR 


1,45,61 


+ 5 Volt Supply 


+ 12V 


PWR 


32 


+ 12 Volt Supply 


-12V 


PWR 


36 


-12 Volt Supply 


POP 


lA/OB 


2 


Power-On-Reset 


B. MICROPROCESSOR INTERFACE: 


D7 


lA/OB 


3 


•> 




D6 


lA/OB 


4 






D5 


lA/OB 


5 






D4 
D3 


lA/OB 
lA/OB 


6 

7 




* Data Bus (8 Bits) 


D2 


lA/OB 


8 






D1 


lA/OB 


9 






DO 


lA/OB 


10 


J 




RS4 


lA 


15 


^ 




RS3 


lA 


16 






RS2 


lA 


17 




" Register Select 


RSI 


lA 


18 




(5 Bits) 


RSO 


lA 


19 


J 




CSO 


lA 


20 


Chip Select 
Transmitter Device 


CS1 


lA 


21 


Chip Select Receiver 
Sample Rate Device 


CS2 


lA 


13 


Chip Select Receiver 
Baud Rate Device 


READ 


lA 


14 


Read Enable 


WRITE 


lA 


12 


Write Enable 


IRQ 


OC 


11 


Interrupt Request 



Name lypei 


Pin No.2 


Description 


C. V.24 INTERFACE: 


RDCLK 


OA 


23 


Receive Data Clock 


TDCLK 


OA 


46 


Transmit Data Clock 


XTCLK 


lA 


51 


External Transmit Clock 


RTS 


lA 


50 


Request-to-Send 


CTS 


OA 


49 


Clear-to-Send 


TXD 


lA 


48 


Transmitter Data 


RXD 


OA 


26 


Receiver Data 


RLSD 


OA 


27 


Received Line Signal Detector 


DTR 


lA 


40 


Data Terminal Ready 


DSR 


OA 


41 


Data Set Ready 


Rl 


OA 


25 


Ring Indicator 


D. ANCILLARY CIRCUITS: 


RBCLK 


OA 


22 


Receiver Baud Clock 


TBCLK 


OA 


47 


Transmitter Baud Clock 


TMXCLK 


OA 


43 


Transmitter Mux Clock 


E. LINE INTERFACE: 


TXA 


AA 


34 


Transmitter Analog Output 


RXA 


AB 


33 


Receiver Analog Input 


OHRC 


OD 


35 


Off-Hook Relay Control 


RD 


lA 


24 


Ring Detect 


F. DIAGNOSTIC: 


EYEX 


OA 


56 


Eye Pattern Data— X Axis 


EYEY 


OA 


55 


Eye Pattern Data— Y Axis 


EYECLK 


OA 


57 


Eye Pattern Clock 


EYESYNC 


OA 


58 


Eye Pattern Synchronizing 
Signal 


Notes: 






1. Refer to Table 4 for digital circuit interface characteristics and 


Table 7 for analog circuit interface characteristics. 


2. The following pins should be left open: 28, 39, 44, 52, 59 and 60. 


3. The following pins are 


not used but should be connected to 


DGND through individual 10 K$2 series resistors: 38, 42 and 54. 


4. Unused inputs tied to + 5V or ground require individual 10 K(2 series 


resistors. 











Table 4. 


Digital Interface Characteristics 






Symbol 


Parameter 


Units 


Input/Output Type 


lA 


OA 


08 


OC 


OD 


V|H 


Input Voltage, High 


V 


2.0 Min. 










V,L 


Input Voltage, Low 


V 


0.8 Max. 










Vqh 


Output Voltage. High 


V 




3.5 Min.-i 


3.5 Min.i 




5.0 Max. 


Vol 

l|N 
lOH 


Output Voltage, Low 
Input Current, Leakage 
Output Current, High 


V 
mA 


±2.5 Max. 


0.4 Max.2 
-0.1 Max. 


0.4 Max.3 
-0.1 Max 


0.4 Max.2 


0.75 Typ.2 
04 


Iql 


Output Current, Low 


mA 




1.6 Max. 


0.8 Max. 


1.6 Max. 


15.0 Max.5 


II 

Cl 


Output Current, Leakage 
Capacitive Load 


mA 
PF 


5 


±10 Max. 


±10 Max. 






Cd 


Capacitive Drive 


PF 




100 


100 


100 






Circuit Type 




TTL 


TTL 3-state 


TTL 3-state 


Open-Drain 


Open-Drain 


1. 1 
2. 


Load = -100/iA 3 1 
Load = 1.6 mA 4. n 


Load = 0.8 n 
A leakage 


Notes 

iA 5. Can drive a + 5V relay with coil resista 


nee greater than 36 


on. 
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POWER-ON-RESET 

When pow er is a pplied to tlie modem, the modem pulses Power- 
On-Reset (POR) low to begin the POR sequence. The mo dem is 
ready to use 350 ms after the low-to-high transition of POR. 
The POR sequence is reinitiated any time the + 5V supply drops 
below +3.5V for more th an 30 ms, or an external device drives 
POR low for at least 3 ^s. POR is not pulsed low by the modem 
when the POR sequence is initiated externally. The POR 
sequence initializes the modem interface memory to default 
values (Table 8). This action leaves the modem configured as 
follows: 

• V.33 14400 

• Synchronous mode 

• Serial channel data 

• T equalizer 

• - 43 dBm receiver threshold 

• Transmitter compromise equalizer enabled 

• Automatic rate change enabled 

• Train-on-data disabled 

NOTE: If the modem is used in applications where the supply 
voltage can drop below + 4.75V but not low enough to cause a 
P OR se quence (i.e., < +3.5V), the host system should generate 
a POR signal upon supply voltage recovery to ensure proper 
modem initialization and operation. 

MICROPROCESSOR INTERFACE 

Nineteen address, data, control, and interrupt hardware interface 
signals allow modem connection to an 8086 compatible 
microprocessor. With the addition of external logic, the interface 
can be made compatible with a wide variety of other microproces- 
sors such as the 6502, 8086 or 68000. 

The microprocessor interface allows a microprocessor to change 
modem configuration, read or write channel and diagnostic data, 
and supervise modem operation by writing control bits and read- 
ing status bits. The significance of the control and status bits, along 
with the methods of data interchange, are discussed in the Soft- 
ware Interface Section. 

Data Lines (D0>D7) 

Eight bidirectional data lines (D0-D7) provide parallel transfer of 
data between the host and the modem. The most significant bit 
is D7 Data direction is controlled by the Read Enable and Write 
Enable signals. 

Chip Selects (CS0-CS2) and 
Register Selects (RS0-RS4) 

The three active low chip select lines (CS0-CS2) select one of 
three modem digital signal processor (DSP) devices. The five 
active high register select lines (RS0-RS4) address interface 
memory registers within the selected DSP interface memory. All 
eight of these lines are typically connected to the host bus address 
lines; the register select lines to the five least significant lines 
(A0-A4) and the chip select lines to the next two significant lines 
(A5-A6) through a decoder. 



The selected DSP decodes RSO through RS4 to address one of 
32 internal interface memory registers (00-1 F). The most signifi- 
cant address bit is RS4 while the least significant address bit is 
RSO. The selected register can be read from or written into via the 
8-bit parallel data bus (D0-D7). The most significant data bit is D7 
while the least significant data bit is DO. 



Read Enable (READ) and Write Enable (WRITE) 

During a read cycle, data from the selected DSP interface memory 
register is gated onto the data bus by means of three-state drivers 
in each DSP. These drivers force the data lines high for a one bit, 
or low for a zero bit. When not being read, the three-state drivers 
assume their high-impedance (off) state. 

During a write cycle, data from the data bus is copied into the 
selected DSP interface memory register, with high and low bus 
levels representing one and zero bit states, respectively. 

The read/write cycle timing waveforms are illustrated in Figure 2 
and the timing requirements are specified in Table 5. 



Table 5. Microprocessor Interface Timing Parameters 





Symbol 


Min. 


Max. 


Units 


CSi Setup Time 


TCS 





— 


ns 


RSI Setup Time 


TRS 


25 


— 


ns 


Data Access Time 


TDA 


— 


75 


ns 


Data Hold Time 


TDHR 


10 


— 


ns 


Control Hold Time 


THC 


10 


— 


ns 


Write Data Setup Time 


TWOS 


20 


— 


ns 


Write Data Hold Time 


TDHW 


10 


— 


ns 



Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be connected to 
the host processor interrupt request input in order to interrupt host 
program execution for immediate modem service. The IRQ out- 
put can be enabled in the DSP interface memory to indicate 
immediate change of cond itions in any of the three modem DSP 
devices. The use of IRQ is optional depending upon modem 
application. Refer to the Software Considerations Section for a 
summary of the modem interrupt bits, interrupt conditions and 
interrupt clearing procedures. 

The DSP IRQ output structure is an open-drain field-effect- 
transistor (FET). Each of the individual DSP IRQ output lines is 
wire -ORed to form the modem IRQ output sig nal. T he modem 
IRQ output can also be wire-ORed with other IRQ lines in the 
application system. Any of these sources can drive the host inter- 
rupt input low, and the host interrupt servicing process normally 
cont inues until ail interrupt requests have been serviced (i.e., all 
IRQ lines have returned high). 

Because of the open-drain structure of IRQ, an e xtern al pull-up 
resistor to +5V is required at some point on the IRQ line. The 
resistor value should be small enough to pull the IRQ line high 
when all IRQ drivers are off (i.e., it must overcome the leakage 
currents). The resistor value should be large enough to limit the 
driver siiikcurrent to a level acceptable to each driver. If only the 
modem IRQ output is used, a resistor value of 5.6K ohms ± 20%, 
0.25W, is sufficient. 
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Figure 2. Microprocessor Interface Timing Waveforms 



V.24 INTERFACE 

Eleven pins provide timing, data, and control signals for 
implementing a CCITT Recommendation V.24 compatible serial 
interface. These signals are TIL compatible in order to drive the 
short wire lengths and circuits normally found within stand-alone 
modem enclosures or equipment cabinets. For driving longer 
cables, these signals can be easily converted to RS-232-C voltage 
levels using 1489 receivers and 1488 drivers, or their equivalents. 

Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the local 
DTE on the Transmitted Data (TXD) Input. 

Received Data (RXD) 

The modem presents received serial data to the local DTE on the 
Received Data (RXD) output. 

Request To Send (RTS) 

Activating Request to S end ( RTS) causes the mode m to trans- 
mit data on TXD when CTS becomes active. The RTS pin is 
logically ORed with the RTS bit. 

Clear To Send (CTS) 

Clear to Send (CTS) active indicates to the local DTE 
that the modem will transmit any data prese nt on TXD. CTS 
response times from an active condition of RTS are shown 
in Table 2. 



Received Line Signal Detector (RLSD) 

Received Line Signal Detector (RLSD) active indicates to the local 
DTE that energy above the receive level threshold is present on 
the receiver input, and that the energy is not a training sequence. 



One of four RLSD receive level threshold options can be selected 
(Table 6). A minimum hysteresis action of 2 dB exists between the 
actual off-to-on and on-to-off transition levels. The threshold level 
and hysteresis action are measured with a modulated signal 
applied to the Receiver Analog (RXA) input. Note that performance 
may be degrade d whe n the received signal level is less than 
-43 dBm. The RLSD on and off thresholds are host pro- 
grammable in DSP RAM. 



Table 6. RLSD On and OFF Thresholds 



Option 


Receive Level 


RLSD On 


RLSD Off 



1 
2 
3 


>-43dBm 

> -33 dBm 
>-26dBm 

> - 16 dBm 


< -48 dBm 
<-38dBm 
< -31 dBm 
< -21 dBm 



Data Terminal Ready (DTR) 

In V.32 and V.22 bis configurations, activating Data Terminal 
Ready (DTR) initiates the handshake sequence, provided that 
the DATAO bit is a 1. If in answer mode, the transmitter will 
immediately send answer tone. 

During the data mode, deactivating DTR causes the transmitter 
to turn-off and return to the idle state. 

The DTR input and the DTR control bit in chip are logically 
ORed. 
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Data Set Ready (DSR) 

Data Set Ready (DSR) ON indicates that th e modem is in the data 
transfer state. The OFF condition of DSR indicates that the DTE 
is to disregard all signals a ppea ring on the interchange circuits 
except Ring Indicator (Rl). DSR is OFF when the modem is in a 
test mode (i.e., local analog or remote digital loopbacl<). 

The DSR status bit in chip reflects the state of the DSR output. 



Ring Indicator (Rl) 

The Ring Indicator (Rl) output follows the ringing signal present 
on the line with a low level (OV) during the ON time, and a high 
level ( + 5V) during the OFF time coincident with the ringing signal. 

The Rl status bit in chip 2 reflects the state of the Rl output. 



Transmit Data Clock (TDCLK) 

The modem outputs a synchronous Transmit Data Clock (TDCLK) 
for USRT timing. The TDCLK frequency is the data rate ( ± 0.01 %) 
with a duty cycle of 50 ± 1 %. 

Transmit Data (TXD) must be stable during the one ixs periods 
immediately preceding the rising edge of TDCLK and following 
the rising edge of TDCLK. The TDCLK source can be internal, 
external (input on XTCLK) or slave (to RDCLK) as selected by 
bits in the transmitter interface memory. 

External Transmit Clock (XTCLK) 

In synchronous communication, an external transmit data clock 
can be connected to the modem XTCLK input. The clock supplied 
at XTCLK must exhibit the same characteristics as TDCLK. The 
XTCLK input is then reflected at the TDCLK output. 



Receive Data Clock (RDCLK) 



The modem outputs asynchr onous Receive Data Clock (RDCLK) 
for USRT timing. The RDCLK freq uency is t he data rate ( ± 0.01 %) 
with a duty cycle of 50 ±1 %. The RDCLK low-to-high transitions 
coincide with the center of the received data bits. The timing recov- 
ery circuit can track a ± 0.01 % frequency error in the associated 
transmit timing source. 

ANCILLARY SIGNALS 

Transmitter Baud Clock (TBCLK) and 
Receiver Baud Clock (RBCLK) 

Transmitter Baud Clock (TBCLK) and Receiver Baud Clock 
(RBCLK) outputs have no counterpart in the V.24 or RS-232-C 
recommendations since they mark the baud interval rather than 
the data rate for the transmitter and receiver, respectively. These 
baud clocks are useful in identifying the order of data bits in a baud 
(e.g., for multiplexing data). Both signals are active high. The first 
bit in each baud begins with the falling edge of the correspond- 
ing baud clock. 



Transmitter Multiplexer Clock (TMXCLK) 

The Transmitter Multiplexer Clock (TMXCLK) output is a 288 kHz 
clock which is internally divided down to create the Transmitter 
Baud Clock (TBCLK). TMXCLK is also a common multiple of all 
the possible transmitter data clocks. The high-to-low transitions 
of TDCLK coincide with the high-to-low transitions of TMXCLK. 

LINE INTERFACE 

The Transrhitter Analog (TXA) output and Receiver Analog (RXA) 
input allow modem connection to either a leased line or the pub- 
lic switched telephone network (PSTN) through an audio trans- 
former or a data access arrangement. The analog signal charac- 
teristics of TXA and RXA are described in Table 7. 

Table 7. Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 
RXA 


AA 
AB 


The transmitter output impedance is 604 ohms ± 1%. 
The receiver input impedance is 66.5K ohms. 



Transmitter Analog (TXA) 

The Transmitter Analog (TXA) output can drive an audio trans- 
former or data access arrangement. TXA is a low impedance 
amplifier output in series with an internal 604 ohm ± 1 % resistor 
to match a standard telephone load of 600 ohms. 

Receiver Analog (RXA) 

The Receiver Analog (RXA) input can originate from an audio 
transformer or data access arrangement. The Input impedance 
is nominally 66.5K ohms. The RXA input must be shunted by an 
external 604 ohm ±1% resistor in order to match a 600 ohm 
source. 

The maximum received signal at RXA is dBm. The maximum 
near-end echo at RXA that the modem can cancel in V.32 mode 
is -5 dBm. 

Transient protection for TXA and RXA Is recommended when 
interfacing directly to a transformer. This protection may take the 
form of back-to-back zener diodes or a varistor across the 
transformer. 

Ring Detect (RD) 

The Ring Detect (RD) input is monitored for pulses in the range 
of 1 5 Hz to 68 Hz. The frequency detection range may be changed 
by the host in DSP RAM. The circuit driving RD sh^ld be a 4N35 
optoisolator or equivalent. The circuit driving RD should not 
respond to momentary bursts of ringing less than 1 25 ms in dura- 
tion, or less than 40 VRMS (1 5 Hz to 68 Hz) across TIP and RING. 

DATA2 bit must be set to a to enable ring detection. Detected 
ring signals are reflected on the Rl output. 



Off-Hook Relay Control (OHRC) 



OHRC is an output designed to drive directly a + 5V reed relay 
coil with a worst case resistance of 360 ohms having a must oper- 
ate voltage of 4.0 Vdc. A clamp diode integrated in the modem 
eliminates the need for a diode across the relay coil. An 
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external transistor ca n be us ed to drive heavier loads (e.g., electro- 
mechanical relays). OHCR is controlled by the host setting the 
RA bit in the interface memory. 



Line Transformer Requirements for V.32 

V.32 places high requirements upon the Data Access Arrangement 
(DAA) to the telephone line. V.32 uses the same bandwidth for 
transmission of data in both directions. Any non-linear distortion 
generated by the DAA in the transmit direction (known as near- 
end echo) cannot be canceled by the modem's echo canceller and 
interferes with data reception. The user must therefore ensure that 
the total harmonic distortion due to near-end echo at the RXA input 
to the modem is at least 27 dB below the minimum level of received 
signal at the same point. Note that the major source of non-linear 
distortion in a DAA is the line transformer When designing a DAA 
the user should take into account a worst case subscriber line, giv- 
ing very poor matching to the DAA hybrid circuit and resulting in 
a large near-end echo (to simulate worst case conditions it is sug- 
gested that an 1800 ohm resistor in series with a 0.47 iif capaci- 
tor be used in place of the two wire telephone line). 



DIAGNOSTIC SIGNALS 

Four signals provide the timing and data necessary to create an 
oscilloscope quadrature eye pattern. The eye pattern is simply a 
display of the received baseband constellation. By observing this 
constellation, common line disturbances can usually be identified. 
Timing of these signals is illustrated in Figure 3. 



EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit streams con- 
taining data for display on the oscilloscope X axis and Y axis, 
respectively. This serial digital data must first be converted to 
parallel digital form by two serial-to-parallel converters and then 
to analog form by two digital-to-analog (D/A) converters. 

EYEX and EYEY outputs are 15-bit words, each with 8-bits of sig- 
nificance. The 15-blt data words are shifted out most significant 
bit first with the seven most significant bits e qual to ze ro. EYEX 
and EYEY are clocked by the rising edge of EYECLK. 



EYECLK 



EYECLK is a clock for use by the serial-to-parallel converters. The 
EYECLK output is a 288 kHz clock which is inte rnally divid ed down 
to create the Receiver Baud Clock (RBCLK). EYECLK is also a 
common multiple of all t he possi ble receiver data clocks. The low- 
to-high transi tions of RDCLK c oincide with the low-to-high 
transitions of EYECLK. EYECLK, therefore, can be used as a 
receiver multiplexer clock. 



EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 




Figure 3. Eye Pattern Timing 



SOFTWARE INTERFACE 

Modem functions are implemented in firmware executing in 
three DSPs: transmitter device, receiver sample rate device, and 
receiver baud rate device. 



INTERFACE l\/IEIVIORY 

Each DSP communicates with the host processor by means of a 
dual-port, interface memory. The interface memory In each DSP 
contains thirty-two 8-bit registers, labeled register 00 through IF. 
Each register can be read from, or written into, by both the host and 
the DSR The host communicates with the DSP interface memory 
via the microprocessor bus shared between the three DSPs. 

The host can control modem operation by writing control bits to 
DSP interface memory and writing parameter values to DSP RAM 
through the interface memory. The host can monitor modem oper- 
ation by reading status bits from DSP interface memory and read- 
ing parameter values from DSP RAM through interface memory. 

INTERFACE IVIEIVIORY IVIAPS 

Memory maps of the 96 addressable registers in the modem trans- 
mitter (chip 0), receiver sample rate (chip 1), and receiver baud 
rate (chip 2) devices are shown in Figure 4. These 8-blt registers 
may be read or written during any host read or write cycle. In order 
to operate on a single bit or a group of bits in a register, the host 
processor must read a register then mask out unwanted data. 
When writing a single bit or group of bits in a register, the host 
processor must perform a read-modify-write operation. That is, 
read the entire register, set or reset the necessary bits without 
altering the other register bits, then write the unaffected and modi- 
fied bits back into the interface memory. 

INTERFACE MEI\/IORY BIT DEFINITIONS 

Table 8 defines the individual bits in the interface memory. In the 
Table 8 descriptions, bits in the interface memory are referred to 
using the format Y:Z:Q. The chip number is specified by 
Y (0,1 or 2), the register number by Z (00 through IF), and the bit 
number by Q (0 through 7, = LSB). 
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R1496DP DSP Interface Memory (Chip 0) 



ReglstiK, 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIAO 


NCIAO 


_ 


NSIEO 


NEWSO 


NCIEO 


— 


NEWCO 


IE 


_ 


DBIAO 


_ 


_ 


_ 


DBIEO 


— 


DBAO 


ID 


XACCO 


_ 


— 


_ 


_ 


XCRDO 


XWTO 


XCRO 


1C 


X RAM ADDRESS (XADDO) 


IB 


YACCOl — 1 - 1 — 1 — lYCRDOl YWTO ! YCRO 


1A 


Y RAM ADDRESS (YADDO) 


19 


X RAM DATA MSB (XDAMO) 


18 


X RAM DATA LSB (XDALO) 


17 


Y RAM DATA MSB (YDAMO) 


16 


Y RAM DATA LSB (YDALO) 


15 


_ 


_ 


— 


— 


_ 


— 


— 


EARCO 


14 


_ 








— 





— 


— 


— 


13 


TLVL 


_ 


_ 


TXCLK 1 


12 


TCONF 1 


11 


_ 














— 


— 


— 


10 


_ 


_ 


— 


_ 


_ 


_ 


_ 


— 


OF 


_ 





CTS 


DSR 





TM 








OE 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OD 


_ 




















HKABO 


OC 


_ 


_ 


_ 




_ 


— 


— 


— 


OB 


_ 























OA 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


09 


NV25 


cc 


DTMF 


ORG 


LLC 


DATAO 


_ 


DTR 


08 


ASYNO 


TPDM 














RTRN 


RTS 


07 


_ 


RDL 


L2ACT 


_ 


L3ACT 


L4ACT 


RA 


MHLD 


06 


_ 


EXOSO 


— 


_ 


PENO 


STBO 


WDSZO ! 


05 


ECFZ 


ECSQ 


FECSQ 


TXSQ 


CEQ 


TTDIS 


— 


TSPA 


04 





















03 


_ 


_ 


— 


_ 


ARCO 


SDiS 


GTE 


GTS 


02 


— 


— 


_ 


_ 


SHAPO 


CF330 


SEPT 


EPT 


01 


TSPY 


00 


TBUFFER/TSPX 


(— ) Indicates reserved for modem use only. 


R1496DP DSP Interface Memory (Chip 1) 


\^ Bit 
Reglste^\ 


7 


6 


5 


4 


3 


2 


1 







NSIA1 


NCIA1 


_ 


NSIE1 


NEWS1 


NCIE1 


_ 


NEWC1 




_ 


DBIA1 


_ 


_ 


_ 


DBIE1 


_ 


DBA1 




XACC1 


_ 


_ 


_ 


_ 


XCRD1 


XWT1 


XCR1 




X RAM ADDRESS (XADDI) 




YACC1 1 — 1 - 1 - I — IYCRD1 1 YWri | YCR1 




Y RAM ADDRESS (YADD1) 




X RAM DATA MSB (XDAM1) 




X RAM DATA LSB (XDALI) 




Y RAM DATA MSB (YDAM1) 




Y RAM DATA LSB (YDAL1) 




-l-l-l-l-i-l- IEARC1 




ABCODE 




- 1 - 1 - 1 - 1 RTH 1 - 1 - 




RCONF 




— 


— 


_ 


— 


_ 


— . 


_ 


_ 




_ 























OF 


RLSD 


FED 


_ 


_ 


_ 


_ 


_ 


_ 


OE 


RTDET 














SPEED 


OD 


P2DET 


PNDET 


S1DET 


SCR1 


U1DET 


SADET 


_ 


HKAB1 


OC 


AADET 


ACDET 


CADET 


CCDET 


SDET 


SNDET 


— 


RSEQ 


OB 


TONEA 


TONES 


TONEC 


ATV25 














OA 




_ 


_ 


_ 


_ 


_ 


_ 


_ 


09 


_ 











LL1 


DATA1 








08 


ASYN1 


_ 


_ 


_ 


— 


RTDIS 


— 


_ 


07 


RDLE 























06 


_ 


EX0S1 


_ 


_ 


PEN1 


STB1 


WDSZ1 


05 


_ 






















04 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


03 


_ 


_ 


_ 


RLSDE 


ARC1 


_ 


_ 


_ 


02 


TDAE 


SQDIS 


_ 


—. 


SHAP1 


CF331 


_ 


_ 


01 


RSEQM 


00 


RBUFFER/RSEQL 


(— ) Indicates reserved for modem use only. 



R1496DP Interface Memory (Chip 2) 



\^ Bit 

Register^. 


7 


6 


5 


4 


3 


2 


1 





IF 


NSIA2 


_ 


— 


NSIE2 


NEWS2 


— 


— 


— 


IE 




DBIA2 


_ 


_ 


_ 


DBIE2 


— 


DBA2 


ID 


XACC2 


— 


_ 


_ 


_ 


XCRD2 


XWT2 


XCR2 


1C 


X RAM ADDRESS (XADD2) I 


IB 


YACC2 


- 


— 1 _ 1 _ IYCRD2I YWT2 I YCR2 I 


1A 


Y RAM ADDRESS (YADD2) 


19 


X RAM DATA MSB (XDAM2) 


18 


X RAM DATA LSB (XDAL2) 


17 


Y RAM DATA MSB (YDAM2) 


16 


Y RAM DATA LSB (YDAL2) 


15 


_ 


— 


_ 


— 


_ 


— 


— 


— 


14 


























13 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


12 








— 


— 


— 


— 


— 


— 


11 


_ 


_ 


— 


— 


_ 


_ 


_ 


_ 


10 





_:_ 




















OF 


_ 


_ 


_ 


_ 


Rl 


_ 


_ 


— 


OE 


— 


_ 


_ 


— 


_ 


— 


_ 


_ 


OD 


_ 























OC 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


OB 


_ 


— 


_ 


— 


— 


— 


— 


— 


OA 








— 





— 


— 


. 





09 

















DATA2 








08 


_ 


_ 


_ 


DDIS 


_ 


_ 


_ 


_ 


07 


_ 


— 


_ 


_ 


_ 


_ 


_ 


_ 


06 


























05 


_ 


_ 


_ 


— 


_ 


_ 


_ 


_ 


04 


EQRES 


EQT2 


_ 


RSPA 


EQFZ 


IFIX 


TOD 


^ 


03 


























02 


_ 


_ 


AMTD 


_ 


— 


— 


_ 


_ 


01 


RSPY 


00 


RSPX 




(-) 


indicate 


s reserved for modem use only. 



Figure 4. R1496DP DSP interface Memory Map 
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Table 8. R1496DP Interface Memory Bit Definitions 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



AADET 
ABCODE 



1:C:7 
1:14:0-7 



00 



ACDET 

AMTD 

ARCO 



1:C:6 
2:2:5 

0:3 3 



ARC1 
ASYNO 



1:3:3 
0:8:7 



ASYN1 



ATV25 



CADET 



1:8:7 



1:B:4 



1:C:5 



AA Detector. When set to a 1 , status bit AADET indicates that a V.32 AA sequence has been 
detected. This bit is reset to a by the modem at the start of the CC sequence. (V.32) 

Abort Code. If the V.32 handshake fails, status bit HSKAB is set to a 1 and an abort code is written 
into ABCODE. This code indicates the point in the handshake where the failure occurred. The abort 
code is not cleared by the modem but should be cleared by the host after it has been read. 
The abort codes and their meanings are listed in the table below. Refer to CCITT Recommendation 
V.32 for meanings of the signal mnemonics used. (V.32) 

Abort Code Reason for Aborting 

00 No failure. 

01 Failed to detect AC/CA transition (calling). 
Failed to detect AA/CC transition (answering). 

02 Failed to detect CA/AC transition (calling). 

03 Not used. 

04 Timed out waiting for signal at the start of the S sequence. 

05 Failed to detect S sequence. 

06 Not used. 

07 Failed to detect Rate sequence (R1, R2 or R3). 

08 Failed to detect S/S transition. 

09 Failed to detect E sequence. 

OA Power loss during TRN or Rate sequence. 

AC Detector. When set to a 1, status bit ACDET indicates that a V.32 AC sequence has been detected. 
This bit is reset to a by the modem when a CA sequence or an energy dropout is detected. (V.32) 

Amplitude Modulation Tracker Disable. When control bit AMTD is a 0, an adaptive amplitude 
modulation tracker is enabled in the receiver; when a 1, the tracker is disabled. (V.33, V.32, V.22 bis) 

Automatic Rate Change Enable Chip 0. When control bits ARCO and ARC1 are a 1, the modem will 
automatically condition itself to transmit data at the highest common rate negotiated during the V.32 
handshake. The host may specify the undefined bits in the rate sequence in DSP RAM. When ARCO 
and ARC1 are a 0, the modem cannot change from the rate it is configured to before beginning the 
handshake. However, it is possible for the host to interact with the rate sequences during the 
handshake and then set the transmitter configuration as desired. (See EARCO). (V.32) 
When control bit ARCO and ARC1 are a 1, the transmitter automatically conditions itself to transmit 
data at the highest common data rate according to the received rate sequence. The host may specify 
the undefined bits in the rate sequence in DSP RAM. When ARCO and ARC1 are a 0, the host may 
check the received rate sequence in registers RSEQM and RSEQL and set the transmitter 
configuration acccordingly. For the transmitter to operate in the proprietary V.33 9600 or V.33 7200 
modes then ARCO and ARC1 must be 0. (V.33) 

When control bit ARCO and ARC1 are a 1, then setting the RTRN bit will cause the modem to send a 
rate change sequence, rather than the normal retrain sequence. (V.22 bis) (See RTRN.) 

Automatic Rate Change Enable Chip 1. See ARCO and EARCO. 

Asynchronous/Synchronous. When configuration bit ASYNO is a 1, asynchronous mode is selected 
in the transmitter; when 0, synchronous mode is selected. When the ASYNO bit changes from to 1, 
the transmitter's asynchronous to synchronous converter is configured according to the EXOSO, 
PENO, STBO and WDSZO bits at that time (EXOSO, PENO, STBO and WDSZO must be configured 
before ASYNO changes from a to a 1.) ASYNO may be used to switch between synchronous and 
asynchronous modes at any time in idle or data mode. Asynchronous operation is not available in 
V.32 12000 bps. (V.32, V22 bis) 

Asynchronous/Synchronous. When configuration bit ASYN1 is a 1, asynchronous mode is selected in 
the receiver; when 0, synchronous mode is selected. When the ASYN1 bit changes from to 1 , the receiver's 
synchronous to asynchronous converter is configured according to the EX0S1, PEN1, STB1 and 
WDSZ1 bits at that time (EX0S1, PEN1,STB1 andWDSZI must be configured before ASYN1 changes from 
a to a 1.) ASYN1 may be used to switch between synchronous and asynchronous modes at any time 
in idle or data mode. Asynchronous operation is not available in V.32 12000 bps. (V.32, V.22 bis) 

V25 Answer Tone Detector. When set to a 1, status bit ATV25 signifies that the modem receiver 
detected a 2100 Hz answer tone. The bit is set to a 1 when the answer tone is detected, and is cleared 
to a when the tone ends. ATV25 is only active when the DATA1 bit is a and the modem is in 
originate mode. (V.32, V.22 bis) 

CA Detector. When set to a 1, status bit CADET indicates that a V.32 CA sequence has been detected. 
This bit is reset to a by the modem when a AC sequence is detected. (V.32) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



CC 



CCDET 
CEQ 

CF330 
CF331 
CTS 

DATAO 
DATA1 



DATA2 



DBAO 



DBA1 



DBA2 



0:9:6 



1:C:4 
0:5:3 

0:2:2 
1:2:2 
0:F:5 

0:9:2 
1:9:2 



2:9:2 



0:1E:0 



1:1E:0 



2:1E:0 



Controlled Carrier. When control bit 00 is a 1 , the modem operates in controlled carrier; when 0, the 
modem operates in constant carrier. 

Controlled carrier allows the m odem transmitter to be controlled by the RTS pin or the RTS bit 
(see Table 2). When the RTS pin goes to a 0, or the RTS bit s et to a 1 , the transmitter immediately 
sends scrambled ones for 270 ms and then turns on the CTS signal and the CTS bit. At 2400 bps, 
it is recommended that a retrain be sent once in the data mode to ensure that synchronization occurs. 
(V.22 bis) 

CC Detector. When set to a 1 , status bit CCDET indicates that a V.32 CC sequence has been 
detected. This bit is reset to a by the modem when an energy dropout is detected. (V.32) 

Compromise Equalizer Enable. When control bit CEQ is a 1 , the transmitter's digital compromise 
equalizer is inserted into the transmit path. This bandpass equalizer has host programmable taps in 
DSP RAM. CEQ should be a during local analog ioopback. 

Carrier Frequency V.33 Chip 0. When control bit CF330 is a 1 , the transmitter carrier frequency in 
V.33 configurations is 1700 Hz. When control bit CF330 is a 0, the transmitter carrier frequency In 
V.33 configurations is 1800 Hz. (V.33) 

The non-standard 1700 Hz option is provided for use with a secondary channel which is added at the 
high end of the band. 

Carrier Frequency V.33 Chip 1 . When control bit CF331 is a 1 , the receiver carrier frequency in V.33 
configurations is 1700 Hz. When control bit CF331 is a 0, the receiver carrier frequency in V.33 
configurations is 1800 Hz. (V.33) 

The non-standard 1700 Hz option is provided for use with a secondary channel which is added at the 
high end of the band. 

Clear To Send. When set tp a 1 , status bit CTS indicates to the DTE that the training sequence has 
been completed and any data present at TXD (serial mode) or in TBUFFER (parallel mode) will be 
transmitted (see TPDM). CTS response times from an RTS ON or OFF transition after the modem has 
completed a handshake are shown in Table 2. The CTS OFF-to-ON response time is programmable 
in DSP RAM. (V.32, V.22 bis) 

Data Chip 0. When control bit DATAO is a 0, the transmitter is prevented from entering and 
proceeding with the handshake (start-up) sequence and will ignore all V.24 interface signals. This bit 
should be set to a 1 by the host at a suitable time after completion of dialing or answering. (V.32, V.22 bis) 

Data Chip 1 . When control bit DATA1 is a 0, the receiver is prevented from entering the training 

state. The receiver remains in idle mode. (V.33, V.29) 

When control bit DATA1 is a 0, the receiver is prevented from entering and proceeding with the 

handshake (start-up) sequence. If in originate mode, the answer tone detector is still active. Also, in 

V.32 the AC detector is active. This bit should be set to a 1 by the host at a suitable time after 

completion of dialing or answering. (V.32, V.22 bis) 

Recommended procedure for originating a call in V.32 using DATA1 : 

Reset DATA1 and DTR to a 

Establish a call 

Detect answer tone using ATV25 

After receiving answer tone for 1 second, set DTR to a 1 

When ATV25 equals AND AODET equals 1j set DATA1 to a 1 

The handshake will now proceed 

Data Chip 2. When control bit DATA2 is a 0, the ringing detector is enabled, and when a 1 , the 
ringjng detector is disabled. This bit should be set to a 1 after the modem goes off-hook, otherwise 
the Rl signal and Rl bit will give spurious outputs. (V.32, V.22 bis) 

Data Buffer Available Chip 0. When set to a 1 , status bit DBAO signifies that the transmitter has read 
register 0:0 (TBUFFER), or registers 0: 1 (TSPY) and 0:0 (TSPX), and the host can write new data 
into register 0:0, or registers 0:1 and 0:0. Thia condition can also cause IRQ to be asserted. The 
host writing to register 0:0 resets the DBAO and DBIAO bits to 0. (See DBIEO and DBIAO.) 

Data Buffer Available Chip 1 . When set to a 1 , status bit DBA1 signifies that the receiver wrote valid 
data into register 1 :0 (RBUFFER), or registers 1 : 1 (RSEQM) and 1 :0 (RSEQL). This condition can 
also cause IRQ to be asserted. The host reading register 1 :0 resets the DBA1 and DBIA1 bits to 0. 
(SeeDBIEIandDBIAI.) 

Data Buffer Available Chip 2. When set to a 1 , status bit DBA2 signifies that the receiver wrote valid 
data into registers 2:1 (RSPY) and 2:0 (RSPX). This condition can also cause IRQ to be asserted. 
The host reading register 2 : resets the DBA2 and DBIA2 bits to 0. (See DBIE2 and DBIA2.) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



[Memory 
Location 



Default 
Value 



Name/Description 



DBIAO 
DBIA1 
DBIA2 

DBIEO 

DBIE1 

DBIE2 

DDIS 
DSR 

DTMF 



0:1E-6 



DTR 



EARCO 



2:1E:6 

0:1E:2 

1:1E-2 

2:1E:2 

2:8:4 
0:F:4 

0:9:5 



0-9:0 



Data Buffer Interrupt Active Chip 0. When the transmitter data buffer int erru pt is enabled (DBIEO is 
a 1) and register 0: is empty (DBAO is set to a 1), the transmitter asserts IRQ and sets status 
bit DBIAO to a 1 to indicate that DBAO going to a 1 caused the interrupt The host writing to register 
0:0 resets the DBIAO bit to a and clears the interrupt request due to DBAO. (See DBIEO and DBAO.) 

Data Buffer Interrupt Active Chip 1. When the receiver chip 1 data buffer interrupt is enabled (DBIE1 
is a 1 ) and register 1 : is written to by the DSP (DBA1 is set to a 1 ), the receiver asserts IRQ and sets DBIA1 
to a 1 to indicate that DBA1 going to a 1 caused the interrupt The host reading register 1 resets 
the DBIA1 bit to a and clears the interrupt request due to DBA1 . (See DBA1 and DBIE1 .) 

Data Buffer Interrupt Active Ciiip 2. When the receiver chip 2 data buffer interrupt is enabled 

(DBIE2 is a 1) and register 2:0 is written to by the DSP (DBA2 is set to a 1), the receiver asserts IRQ 
and sets DBIA2 to a 1 to indicate that DBA2 going to a 1 caused the interrupt. The host reading 
register 2 resets the DBIA2 bit to a and clears the interrupt request due to DBA2. (See DBA2 
and DBIE2.) 

Data Buffer Interrupt Ena ble Chip 0. When control bit DBIEO is a 1 (interrupt enabled), the 
transmitter will assert IRQ and set the DBIAO bit to a 1 when DBAO is set to 1 by the DSP. When 
DBIEO is a (interrupt disabled), DBAO has no effect on IRQ or DBIAO. (See DBAO and DBIAO ) 

Data Buffer Interrupt Enable Chip 1 . When control bit DBIE1 is a 1 (interrupt enabled), the receiver 

will assert IRQ and set the DBIA1 bit to a 1 when DBA1 i s se t to a 1 by the DSP. When 

DBIE1 IS a (interrupt disabled), DBA1 has no effect on IRQ or DBIA1. (See DBA1 and DBIA1.) 

Data Buff er In terrupt Enable Chip 2. When control bit DBIE2 is a 1 (interrupt enabled), the receiver 
will assert IRQ and set the DBIA2 bit to a 1 when DBA2 is set to a 1 by the DSP. When DBIE2 is a 
(interrupt disabled), DBA2 has no effect on IRQ or DBIA2. (See DBA2 and DBIA2.) 

Descrambler Disable. When control bit DDIS is a 1 , the receiver's descrambler circuit is disabled; 
when a 0, the descrambler circuit is enabled. 

Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is in the data 
transfer state. When reset to a (OFF), DSR indicates that the DTE is to disregard all signals 
appearing on the interchange circuits— except Rl. DSR will switch to the OFF state when the modem 
is in a test mode. (V.32, V.22 bis) 

DTMF Select. When the modem is configured for dialing mode, the modem will dial using DTMF 
tones or pulses. When control bit DTMF is a 1, the modem will dial using DTMF tones. When DTMF is 
a 0, the modem will dial using pulses. The DTMF bit can be changed during the dialing process to 
allow either tone or pulse dialing of consecutive digits. Dialing mode is selected by configuration code 81 
in the Transmitter Configuration Register (TCONF). When in dialing mode, the data placed in the 
Transmitter Data Register is treated as digits to be dialed. The number to be dialed must be 
represented by two hexadecimal digits (e g., if a 9 is to be dialed, then a 09 must be written to the 
Transmitter Data Register). Also, see DBAO bit 
Dialing timing and power levels are host programmable in DSP RAM (Table 1 1). 

Data Terminal Ready. In V.32 and V 22 bis modes, setting control bit DTR to a 1 initiates a handshake 
sequence, providing DATAO bit is a 1 If in answer mode, the transmitter will immediately send answer tone. 
During the data mode, setting DTR to a will cause the transmitter to turn off. 
The DTR bit parallels the operation of the hardware DTR control input. These inputs are ORed by the modem. 

Extended Automatic Rate Change 0. When control bits EARCO and EARC1 are 1 (and also ARCO 
and ARC1 are 1), then rate changes to the propnetary 12000 and 7200 TCM configurations are 
allowed during the V 32 handshake. The modem will condition itself to transmit data at the highest 
common rate negotiated dunng the V.32 handshake These rates include the proprietary 12000 and 
7200 TCM configurations, if both calling and answering modems support these configurations. 
When EARCO and EARC1 are 0, then rate changes are only allowed to standard CCITT V.32 
configurations 

There are two methods for operating in the proprietary 12000 and 7200 TCM configurations. The first 
IS to set bits ARCO, ARC1 , EARCO and EARC1 all to 0. TCONF and RCONF should then be set for 
the required configuration. The modem will then only be able to connect in the configuration selected. 
Both calling and answering modems have to be configured the same way for a successful connection. 
The second method is to set bits ARCO, ARC1 , EARCO and EARC1 all to 1 . TCONF and RCONF 
should be set as desired, but in this case rate negotiation takes place dunng the V.32 handshake. Use 
of this method allows fall-back or fall-forward retrains in 2400 bps steps from 12000 bps to 4800 bps. 
In order to accomplish rate changes to the propnetary configurations, the modem uses two bits in the 
V 32 16 bit rate sequence that are undefined in CCITT Recommendation V.32. These are bits B9 and 
BIO. (V 32) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



EARC1 
ECFZ 



ECSQ 



EPT 



EQFZ 
EQRES 



EQT2 
EXOSO 

EX0S1 

FECSQ 



HKAB1 



1:15:1 
0:5:7 



0:5:6 



0:2:0 



2:4:3 
2:4:7 



2:4:6 
0:6:6 

1:6:6 

0:5:5 



FED 


1:F:6 


GTE 


0:3:1 


GTS 


0:3:0 


HKABO 


0:D:0 



1:D:0 



Extended Automatic Rate Change Chip 1 . See EARCO. (V.32) 

Echo Canceller Freeze. When control bit ECFZ is a 1 , the updating of the echo canceller taps is 
inhibited. (V.32) 

Echo Canceller Squelch. When control bit ECSQ is a 1 , the echo canceller output is forced to zero. (V.32) 
ECSQ, along with TXSQ, can be used to determine if the line has been dropped by the remote 
modem. Many times due to the dropping of the line by the remote modem, a line mismatch occurs at 
the near end modem's line interface. This causes a large increase in near end echo. Many errors 
should be seen at this time. If this is the case, squelching both the echo canceller and the transmitter 
should cause RLSD to go inactive. The host should first freeze the echo canceller (this is done in 
case the line is not dropped) by setting ECFZ to a 1 . Then set both ECSQ and TXSQ to a 1 . If RLSD 
drops, then the line was dropped by the remote modem and the near end modem should then be 
disconnected from the line by the host. If RLSD does not drop, then the host should reset ECFZ, 
ECSQ, and TXSQ to a and issue a retrain, if applicable. 

Echo Protector Tone Enable. When control bit EPT is a 1 , an unmodulated carrier is transmitted for 
185 ms (SEPT bit = 0) or 30 ms (SEPT bit = 1) followed by 20 ms of no transmitted energy prior to 
the transmission of the training sequence. When EPT is a 0, neither the echo protector tone nor the 
20 ms of no energy are transmitted prior to the transmission of the training sequence. (V.33, V.29) 
The echo protector tone is typically used in V.27 and V.29 over dial-up lines. The tone is sent prior to 
the training sequence to ensure that the echo suppressors are pointing in the correct direction. 

Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive equalizer taps is 
inhibited. 

Equalizer Reset. When control bit EQRES is a 1 , the receiver resets all of the adaptive equalizer's 
taps to zero. When EQRES is a 0, the equalizer taps are updated normally by the receiver (chip 2). 
Setting EQRES to a 1 effectively clam ps the receiver. EQRES along with RLSDE can be used to 
clamp the receiver off and turn off the RLSD pin. An equalizer reset is automatically done for a brief 
period of time at the beginning of the train-on-data state (TOD = 1). Therefore, the host does not have 
to manually set then clear this bit to reset the equalizer for line hits, etc., when TOD is active. 

Equalizer T/2 Spacing Select. When control bit EQT2 is a 1 , the receiver's adaptive equalizer is T/2 
fractionally spaced. When EQT2 is a 0, the equalizer is T spaced (T = 1 baud time). (V.33, V.32, V.29) 

Extended Overspeed Chip 0. When control bit EXOSO is a 1 , Extended Overspeed mode is selected 
in the transmitter async-to-sync converter. This bit must be configured appropriately before the 
ASYNO bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis) 

Extended Overspeed Chip 1 . When control bit EX0S1 is a 1 , Extended Overspeed mode is selected 
in the receiver sync-to-async converter. This bit must be configured appropriately before the ASYN1 
bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis) 

Far Echo Canceller Squelch. When control bit FECSQ is a 1 , the output of the far-end echo 
canceller is forced to zero; the near-end echo canceller continues to operate normally. (V.33, V.32, V.29) 
Squelching the far end echo canceller should only be done for testing purposes to manually characterize 
the far end echo. 

Fast Energy Detector. When status bit FED is a 1 , energy in the passband above the selected 
receiver threshold has been detected (see RTH). 

Guard Tone Enable. When set to a 1 , control bit GTE causes the specified guard tone to be 
transmitted (CCITT configurations only), according to the state of the GTS bit. Note: The guard tone 
will only be transmitted by the answering modem. (V.22 bis) 

Guard Tone Select. When set to a 1 , control bit GTS selects the 550 Hz tone; when reset to a 0, GTE selects 
the 1800 Hz tone. The selected guard tone will be transmitted only when GTE Is enabled. (V.22 bis) 

Handshake Abort Chip 0. When set to a 1 status bit HKABO indicates that the V.32 handshake has 
failed. The transmitter remains in an abort state for 1 second after which HKABO is reset to and the 
transmitter returns to idle mode. While in the abort state the transmitter output is silent. 
Normally this bit is set shortly after the HKAB1 bit with one exception. When the calling modem 
receives rate sequence R3 (refer to CCITT Recommendation V.32) and ARCO is set to a 1 , then if no 
common rates are found or R3 is calling for a GSTN cleardown then HKABO will be set before 
HKAB1.(V.32) 

Handshake Abort. When set to a 1 , status bit HKAB1 indicates that the V.32 handshake has failed. 
At the same time an abort code is written into ABCODE (see ABCODE). The receiver remains in an 
abort state for 0.5 seconds after which HKAB1 is reset to and the receiver returns to idle mode. (V.32) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



IFIX 
LLO 

LL1 
L2ACT 

L3ACT 



L4ACT 
MHLD 
NCIAO 

NCIA1 

NCIEO 
NCIE1 
NEWCO 

NEWC1 
NEWSO 



0:9:3 

1:9-3 
0:7 5 

0-7:3 



0:7:2 
0:7:0 
0:1F:6 

1:1F:6 

0:1F:2 
1:1F-2 
0:1F:0 



0:1F:3 



Eye Fix. When control bit IFIX Is a 1, the senal diagnostic data at the EYEX and EYEY pins reflects 
the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and EYEY is selected by the 
addresses in X RAM ADDRESS and Y RAM ADDRESS registers in chip 2, respectively. 

Leased Line Chip 0. When control bit LLO is a 1 , the transmitter is in leased line operation; when 0, 
the transmitter is in switched line operation. When LLO is set to a 1 and the CO bit is a 0, the modem 
immediately sends scrambled ones and goes into data mode. (V.22 bis) 
At 2400 bps It is recommended that a retrain be sent once in the data state to ensure that 
synchronization occurs. 

Leased Line Chip 1. When control bit LL1 is a 1, the receiver is in leased line operation; when 0, the 
receiver is in switched line operation. (V.22 bis) 

Loop 2 Activate. When control bit L2ACT is a 1 , the receiver's digital output is connected to the 
transmitter's digital input (locally activated remote digital loopback) in accordance with CCITT 
Recommendation V.54 

Loop 3 Activate. When control bit L3ACT is a 1 , the transmitter's analog output is coupled to the 
receiver's analog input through an attenuator (local analog loopback) in accordance with CCITT 
Recommendation V.54 In V.33 and V.29 modes, the modem can be placed in loop 3 in either idle or 
data mode. If loop 3 is initiated in data mode, the connection to the other modem is terminated. 
I n V.3 2 and V 22 bis modes, the modem may only be placed into loop 3 mode when in idle mode 
(DTR signal is OFF and the DTR bit is 0). NEWCO and NEWC1 must be set after any change in the L3ACT 
bit. Set NEWCO to a 1 and wait until the modem resets it to a 0. Wait 2 ms. Set the NEWC1 bi t to a 1 and 
wait for the modem to reset it to a 0. The loopback is then completed (terminated) by setting the DTR signal 
ON (OFF) or the DTR bit to a 1 (0). 

The transmitter's compromise equalizer should be disabled, by setting CEQ to a 0, during local analog 
loopback. 

Loop 4 Activate. When control bit L4ACT is a 1 , the receiver's analog input is connected to the transmitter's 
output (remote analog loopback) in a manner similar to CCITT Recommendation V.54. (V.33, V.29) 

Mark Hold. When control bit MHLD is a 1 , the transmitter's digital input data is clamped to a mark. When 
MHLD is a 0, the transmitter's input is taken from TXD or TBUFFER (see TPDM). 

NEWCO Interrupt Active. When the new configuration chip interrupt is enabled (NCIEO is a1)a nd a 
new transmitter configuration is implemented (NEWCO is reset to a 0), the DSP asserts IRQ and 
sets status bit NCIAO to a 1 to indicate that NEWCO going to a caused the interrupt. NCIAO and the interrupt 
request due to NEWCO are cleared by the host writing a into NCIEO. (See NEWCO and NCIEO.) 

NEWC1 Interrupt Active. When the new configuration chip 1 interrupt is enabled ( NCIE 1 is a 1) and a 
new receiver configuration is implemented (NEWC1 is reset to a 0), the DSP asserts IRQ and sets status 
bit NCIA1 to a 1 to indicate that NEWC1 going to a caused the interrupt. NCIA1 and the interrupt 
request due to NEWC1 are cleared by the host writing a into NCIE1 . (See NEWC1 and NCIE1 .) 

NEWC O In terrupt Enable. When control bit NCIEO is a 1 (interrupt enabled), the transmitter will 
assert IRQ and set NCIAO to a 1 when the NEWCO bit is reset to a by the DSP. When NCIEO is a 
(interrupt disabled), NEWCO has no effect on IRQ or NCIAO (See NEWCO and NCIAO.) 

NEWC 1 Int errupt Enable. When control bit NCIE1 is a 1 (interrupt enabled), the receiver will 
assert IRQ and set NSIA1 to a 1 when the NEWC1 bit is reset to a by the DSP. When NCIE1 is a 
(interrupt disabled), NEWC1 has no effect on IRQ or NCIA1 . (See NEWC1 and NCIA1 .) 

New Configuration Chip 0. Control bit NEWCO must be set to a 1 by the host after the host changes 
the configuration code in TCONF (0 : 1 2), the SHAPO bit (0:2- 3), the L3ACT bit (0:7:3) (in V.32 or 
V 22 bis), or the ORG bit (0:9:4) This informs the transmitter to implement the new transmitter con- 
figuration and/or shaping filter. The DSP resets the NEWCO bit to a when the configuration change 
is implemented. A configuration change can also cause IRQ to be asserted. (See NCIEO and NCIAO.) 

New Configuration Chip 1 . Control bit NEWC1 must be set to a 1 by the host after the host changes 
the configuration code in RCONF (1 • 12), the SHAP1 bit (12:3), the L3ACT bit (0:7:3), RTH 
(1.13: 2-3), or the ORG bit (0:9: 4). This informs the receiver to implement the new receiver 
configuration, the new receiver threshold, and/or the receiver shaping filter. The DSP resets the 
NEWC1 bit to a when the change is implemented A configuration/receiver threshold change can 
also cause IRQ to be asserted. (See NCIE1 and NCIA1 ) 

New Status Chip 0. When set to a 1 , status bit NEWSO indicates that one or more status bits located 
in registers OE or OF have changed state, or a DSP RAM read or write has been completed, in the 
transmitter. This bit can be reset to a only by the host. The host may mask the effect of individual 
statu s bits upon NEWSO by wnting a mask value to DSP RAM. When set to a 1 , this bit can cause 
IRQ to be asserted. (See NSIEO and NSIAO.) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


NEWS1 


1:1F:3 




New Status Chip 1 . When set to a 1 , status bit NEWS1 indicates that one or more status bits located 
in registers OA to OF have changed state, or a DSP RAM read or write has been completed, in 
receiver DSP chip 1 . This bit can be reset to a only by the host. The host may mask the effect of 
individual status bits upon NEWS1 by writing a mask value to DSP RAM. When set to a 1 , this bit can 
cause IRQ to be asserted. (See NSIE1 and NSIA1.) 


NEWS2 


2:1F:3 




New Status Chip 2. When set to a 1 , status bit NEWS2 indicates that the Rl status bit in register OF 
has changed state, or a DSP RAM read or write has been completed, in receiver DSP chip 2. This bit 
can be reset to a only by the host. The host may mask the effect of the Rl status bit upon NEWS2 
by writing a mask value to DSP RAM. When set to a 1 , this bit can cause IRQ to be asserted. (See 
NSIE2 and NSIA2.) 


NSIAO 


0:1F:7 




NEWSO Interrupt Active Chip 0. When the new status interrupt chip is enabled (NSIEO is a 1) and 
a change of status occurs (NEWSO is set to a 1), the transmitter asserts IRQ and sets status bit NSIAO 
to a 1 to indicate that NEWSO going to a 1 caused the interrupt. NSIAO and the interrupt request due 
to NEWSO are cleared when the host writes a to NEWSO. (See NEWSO and NSIEO.) 


NSIA1 


1:1F:7 




NEWS1 Interrupt Active Chip 1. When the new status interrupt chip 1 is enabled (NSIE1 is a 1) and 
a change a status occurs (NEWS1 is set to a 1), the receiver asserts IRQ and sets status bit NSIA1 to 
a 1 to indicate that NEWS1 going to a 1 caused the interrupt. NSIA1 and the interrupt request due to 
NEWS1 are cleared when the host writes a to NEWS1 . (See NEWS1 and NSIE1 .) 


NSIA2 


2:1F:7 




NEWS2 Interrupt Active Chip 2. When the new status interrupt chip 2 is enabled (NSIE2 is a 1) 
and a change of status occurs (NEWS2 is set to a 1), the receiver asserts IRQ and sets status bit 
NSIA2 to a 1 to indicate that NEWS2 going to a 1 caused the interrupt. NSIA2 and the interrupt 
request due to NEWS2 are cleared when the host writes a to NEWS2. (See NEWS2 and NSIE2.) 


NSIEO 


0:1F:4 





NEWSO Interrupt Enable Chip 0. When control bit NSIEO is a 1 (interrupt enabled), the transmitter 
will assert IRQ and set NSIAO to a 1 when NEWSO is set to a 1 by the DSP. When NSIEO is a 
(interrupt disabled), NEWSO has no effect on IRQ or NSIAO. (See NEWSO and NSIAO.) 


NSiE1 


1:1F:4 





NEWS1 Interrupt Enable Chip 1. When control bit NSIE1 is a 1 (interrupt enabled), the receiver will 
assert IRQ and set NSIA1 to a 1 when NEWS1 is set to a 1 by the DSP. When NSIE1 is a (interrupt 
disabled), NEWS1 has no effect on IRQ or NSIA1. (See NEWS1 and NSIA1.) 


NSIE2 


2:1F:4 





NEWS2 Interrupt Enable Chip 2. When control bit NSIE2 is a 1 (interrupt enabled), the receiver will 

assert IRQ and set NSIA2 to a 1 when NEWS2 is set to a 1 by the DSP. When NSIE2 

is a (interrupt disabled), NEWS2 has no effect on IRQ or NSIA2. (See NEWS2 and NSIA2.) 


NV25 


0:9:7 





No V.25 Answer Tone. When control bit NV25 is a 1 , the modem will not transmit the 2100 Hz CCITT 
answer tone when a handshake sequence is initiated and the modem is in answer mode. (V.32, V.22 bis) 


ORG 


0:9:4 


1 


Originate. When configuration bit ORG is a 1 , the modem is in ongmate mode; when a 0, the modem 
IS in answer mode. Since this is a configuration bit, the NEWCO and NEWC1 bits must be set after 
any change in the ORG bit. Set NEWCO to a 1 and wait until the modem resets it to a 0. Wait 2 ms. 
Set the NEWC1 bit to a 1 and wait for the modem to reset it to a 0. (V.32, V.22 bis) 


PENO 


0:6:3 





Parity Enable Chip 0. When control bit PENO is a 1 , parity is enabled in asynchronous mode in the 
transmitter. This bit must be configured appropriately before the ASYNO bit changes from a to a 1 
for asynchronous mode (V.32, V.22 bis) 


PEN1 


1:6:3 





Parity Enable Chip 1 . When control bit PEN1 is a 1 , parity is enabled in asynchronous mode in the 
receiver. This bit must be configured appropriately before the ASYN1 bit changes from a to a 1 for 
asynchronous mode. (V.32, V 22 bis) 


PNDET 


1:D:6 


— 


FN Sequence Detected. When status bit PNDET is a 1 , the receiver is detecting the PN portion of 
the training sequence When PNDET is a 0, PN is not being detected. (V.33, V.29) 


P2DET 
RA 


1:D:7 
0:7:1 





P2 Sequence Detected. When status bit P2DET is a 1 , the receiver is detecting the P2 portion of the 
training sequence. When P2DET is a 0, P2 is not being detected. (V.33, V 29) 


Relay Activate. When control bit RA is a 1 , the output OHRC is activated (low); when a 0, the OHRC 
output is off (high). 


RBUFFER 


1:0:0-7 




Receive Buffer. The host obtains channel data from the modem receiver in the parallel data mode by 
reading a data byte from the RBUFFER. The data is divided on the baud boundaries shown under 
TBUFFER The RBUFFER reflects the received data when the RSEQ bit is a 0. 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



RCONF 



Receiver Configuration. The RCONF control bits select one of the following receiver configurations: 



RDL 



RDLE 



RLSD 



RLSDE 



RSEQ 



RSEQL 



RSEQM 



RSPA 



RSPX 



RSPY 



0:7:6 



1:7:7 



2:F:3 



1:F:7 



1:3:4 



1:C:0 



1:0:0-7 



1:1:0-7 



2:4:4 



2:0:0-7 



2:1:0-7 



Mode 


Data Rate 


RCONF (Hex) 


V.33TCM 


14400 


31 


V.33 TOM 


12000 


32 


V.33 TOM 


9600 


34 


V.33 TOM 


7200 


38 


V.32TCM 


12000 


72 


V.32TCM 


9600 


74 


V.32 


9600 


75 


V.32 


4800 


71 


V.32 TCM 


7200 


78 


V.29 


9600 


14 


V.29 


7200 


12 


V.29 


4800 


11 


V.22 bis 


2400 


84 



Remote Digital Loopback. When set to a 1 , control bit RDL causes the modem to initiate a req uest 
for the modem to go into digital loopback; RXD is clamped to a mark and the CTS bit and CTS signal 
will be reset until the loop is established. The TM bit is not set in this case, since the local modem 
initiated the request. (V.22 bis) 

Remote Digital Loopback Response Enable. When set to a 1, control bit RDLE enables the modem 
to respond to another modem's remote digital loopback request, thus going into loopback. When this 
occu r s, the mo dem cl amps RXD to a mark; resets the CTS, DSR and RLSD bits to a 0, and turns the 
CTS, DSR and RLSD signals to a logic 1 . The TM bit is set to a 1 , to inform the host of the test status. 
When the RDLE bit is a 0, no response will be generated. (V.22 bis) 

Ring Indicator. When set to a 1 , status bit Rl Indicates that a ringing signal is being detected. 
Ringing is detected if pulses are present on the RD input in the 15 Hz - 68 Hz frequency range. The 
Rl biHollows the nnging signal with a 1 during the ON time and a during the OFF time coincident 
with Rl output signal. The decision bounds are host programmable in DSP RAM. 

The bit is valid only when the receiver DATA2 bit (2 : 9 : 2) is a 0. 

Received Line Signal Detector. When status bit RLSD is a 1 , the receiver has finished receiving the 
training sequence or has turned on due to detected energy above threshold, and is receiving data. 
RLSD is a when the receiver is in the idle state and during the reception of a training sequence. 

RLSD E nable. When control bit RLSDE is a 1 , the RLSD pin reflects the RLSD bit. When RLSDE is 
a 0, the RLSD pin is clamped to a 1 (OFF condition) regardless of the state of the RLSD bit. 

Rate Sequence Received. When status bit RSEQ is a 1, the 16-bit rate sequence Included In the 
CCITT V.33 or V.32 start-up procedure has been received and the 16-bit rate sequence word is 
available in RSEQM (1:1) and RSEQL (1 :0). (V.33, V.32) 

Rate Sequence LSB. When the RSEQ bit is a 1, register 1 :0 holds the least significant byte of the 
16-blt V.33 or V.32 rate sequence word (RSEQL) received by the modem. When the RSEQ bit Is a 0, 
register 1 :0 holds the received data (see RBUFFER). (V.33, V.32) 

Rate Sequence MSB. When the RSEQ bit is a 1 , register 1 : 1 holds the most significant byte of the 
16-bit V.33 or V.32 rate sequence word (RSEQM) received by the modem. When the RSEQ bit is a 0, 
register 1 : 1 is not used. (V.33, V.32) 

Receiver Signal Point Activate. When control bit RSPA is a 1 , the receiver writes the received 
signal point coordinates, after the decision processing, into registers RSPY (2:1) and RSPX (2:0). 
When RSPA is a 0, RSPY and RSPX do not contain the signal point coordinates. 

Receiver Signal Point X. RSPX holds the X (in-phase) coordinate of the received signal point. RSPX 
is valid only when RSPA is a 1 . (See RSPA.) 

Receiver Signal Point Y. RSPY holds the Y (quadrature) coordinate of the received signal point. 
RSPY is valid only when RSPA Is a 1 . (See RSPA.) 
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Table 8. R1496DP interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


RTDET 


1:E:7 




Retrain Detector. When set to a 1 , status bit RTDET indicates that a training sequence has been 
detected. This bit parallels the operation of the following: 

Mode Detector Bit 

V.33. V.29 P2DET 
V.32 Originate ACDET 
V.32 Answer AADET 
V.22bis S1DET 


RTDIS 


1:8:2 





Receiver Training Disable. When control bit RTDIS is a 1 . the receiver is prevented from recognizing 
a training sequence and entering the training state. When RTDIS is a 0. receiver training is enabled. 
(V.33, V.29) 


RTH 


1:13:2.3 





Receiver Threshold. The RTH control bits select the receiver energy detector threshold according to 
the following codes: 

RTH RLSDON RLSDOFF 

-43dBm -48dBm 

1 -33dBm -38dBm 

2 -26dBm -31 dBm 

3 -16 dBm -21 dBm 


RTRN 


0:8:1 





Retrain. When the modem is in data mode, and control bit RTRN is set to a 1 . a retrain sequence is 
initiated. RTRN resets to a as soon as the initiation is acknowledged. 

Fall-back or fall-forward retrains may be accomplished in V.33, V.32 or V.22 bis modes as follows: 

Change the Transmitter Configuration Register (TCONF) to the required configuration code. Note that 
the mode cannot be changed, only the data rate within a given mode. (For example, it is not possible 
to fall-back from V.32 to V.22 bis.) Do not set the NEWC bits in either the transmitter (NEWCO) or 
receiver chip 1 (NEWC1) and do not change the receiver configuration register (RCONF) code. 
Ensure that ARCO and ARC1 bits are set to a 1 . If it is desired to fall-back or fall-forward to one of the 
proprietary V.32 configurations, then also ensure that EARCO and EARC1 are set to a 1 . Finally, set 
the RTRN bit to a 1 . If the remote modem can operate at the requested rate, the receiver 
configuration will be changed by the modem to reflect the new rate after the retrain is completed. If 
the remote modem cannot operate at the new rate, then no rate change will take place during the 
retrain and the transmitter configuration register will automatically revert back to its original 
configuration. 

If the modem reconfigures from V.22 bis 2400 bps to V.22 1200 bps during a handshake or as a result 
of a retrain, the TCONF and RCONF registers will contain the hex number 82. 


RTS 


0:8:0 





When control bit RTS is a 1 , the modem transmits any data on TXD when CTS becomes active. 

In V.33 mode, when control bit RTS is set to 1, the modem transmits the training sequence before 
activating CTS. 

In V.22 bis constant carrier and V.32 modes, RTS controls data transmission and DTR controls the 
carrier. For ease of use, RTS can be turned ON at the same time as DTR. 

In V.22 bis controlled carrier mode, RTS independently controls the carrier when DTR is ON. When 
RTS is turned ON, the modem then transmits 270 ms of scrambled Is before turning CTS ON. 

The RTS bit parallels the operation of the RTS hardware control input. These inputs are ORed by the 
modem. (See descriptions of CTS and DTR bits) 


SADET 


1:D:2 




Scrambled Alternating Sequence Detector. When set to a 1 , status bit SADET indicates that 
scrambled alternating data is being received. This bit is intended to be used for the automatic rate 
change sequence. (See ARCO and ARC1 ) This bit is reset to at the end of the alternating 
sequence. (V.22 bis) 


SCR1 


1:D:4 




Scrambled Ones Detector. When set to a 1 , status bit SCR1 indicates that V.22 bis scrambled Is 
have been detected during handshake. This bit is reset to at the end of the scrambled Is sequence. 
(V.22 bis) 


SDET 


1:C:3 


— 


S Detector. When set to a 1 , status bit SDET indicates that a V.32 S sequence has been detected. 
This bit is reset to a by the modem at the end of the S sequence. (V.32) 


SEPT 


0:2:1 





Short Echo Protector Tone. When control bit SEPT is a 1 , the echo protector tone duration is 30 ms; 
when a 0, the echo protector tone duration is 185 ms. (V.33, V.29) 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



ll/lemory 
Location 



Default 
Value 



Name/Description 



SDIS 
SHAPO 



SHAP1 



SNDET 
SPEED 



0:3-2 
0:2:3 



1:2:3 



1:C:2 
1:E:0-2 



SQDIS 
STBO 

STB1 

S1DET 
TBUFFER 



1:2:6 
0:6:2 

1:6:2 

1:D:5 
0:0:0-7 



00 



Scrambler Disable. When control bit SDIS is a 1 , the transmitter scrambler circuit is disabled; when 
a 0, the scrambler circuit is enabled. (V.32,V.22 bis.) 

Transmitter Sliaping Filter Select. When control bit SHAPO is a 0, the transmit spectrum is shaped 
by a square root of 12.5% raised cosine filter; when a 1 , the transmit spectrum Is shaped by a square 
root of 20% raised cosine filter. NEWCO must be set after changing the SHAPO bit. (V.33, V.32, V.29) 
The 20% option is provided for use in the V.29 configurations when communicating with other modems 
which use the 20% filter. The 12.5% option is for communicating over a channel which has a known 
narrow bandwidth. This option should be used when a secondary channel is added to the modem. 

Receiver Shaping Filter Select. When control bit SHAP1 is a 0, the receiver low pass filter is square 
root of 12.5% raised cosine; when a 1 , the low pass filter is square root of 20% raised cosine. 
NEWC1 must be set after changing the SHAP1 bit. (V.33, V.32, V.29) 

The 20% option is provided for use in the V.29 configurations when communicating with other modems 
which use the 20% filter. The 12.5% option is for communicating over a channel which has a known 
narrow bandwidth. This option should be used when a secondary channel is added to the modem. 

S Negative Detector. When set to a 1 , status bit SNDET indicates that a V.32 S sequence has 
been detected. This bit is reset to a at the end of the S sequence. (V.32) 

Speed Indication. The SPEED status bits indicate the receiver's data rate at the completion of a handshake. 



Data Rate 

1200 
2400 
4800 
9600 
12000 
14400 



SPEED (Hex) 

2 
3 
4 
5 
6 
7 



Square Disable (Tone Detector C). When control bit SQDIS is a 1 , the squarer in front of tone 
detector C is disabled; when a 0, the squarer is enabled. 

Stop Bit Number Chip 0. When control bit STBO is a 0, one stop bit is selected in asynchronous 
mode in the transmitter; when a 1 , two stop bits are selected. This bit must be configured 
appropriately before the ASYNO bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis) 

Stop Bit Number Ctiip 1. When control bit STB1 is a 1, one stop bit is selected in asynchronous 
mode in the receiver; when a 1 , two stop bits are selected. This bit must be configured appropriately 
before the ASYN1 bit changes from a to a 1 for asynchronous mode. (V.32, V.22 bis) 

SI Detector. When set to a 1 , status bit SI DET indicates that a V.22 bis SI sequence has been 
detected. This bit is reset to a by the modem at the end of the SI sequence. (V.22 bis) 

Transmitter Buffer/Transmitter Signal Point X. The host conveys output data to the transmitter in 
the parallel mode by writing a data byte to the TBUFFER. Parallel data mode is available only in 
synchronous mode. The data is transmitted bit first and is divided on the following baud boundaries: 





Bits 


Configuration 


7 


6 


5 1 4 1 3 1 2 1 1 1 


V.33 14400 


— 


— 


BaudO 


V.33, V.32 12000 


— 


— 


- 1 BaudO 


TOM 9600 


Baud 1 1 Baud 


TOM 7200 


— 1 — 1 Baudi 1 BaudO 


V.32 TOM 9600 


Baudi 


BaudO 


V.32 9600 


Baudi 


BaudO 


V.32 4800 


Baud 3 


Baud 2 


Baud 1 1 Baud 


V.32 TOM 7200 


— 1 — 


Baudi 1 BaudO 


V.22 bis 2400 


Baudi 


BaudO 


V.22 bis 1200 


Baud 3 1 Baud 2 


Baud 1 1 Baud 


V.29 9600 


Baudi 


BaudO 


V.29 7200 


— 1 — 


Baud 1 1 Baud 


V.29 4800 


Baud 3 


Baud 2 1 Baudi | BaudO 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



TCONF 



0:12:0-7 



31 



Transmitter Configuration. The TCONF control bits select one of the following transmitter configurations: 



Mode 


Data Rate 


TCONF (Hex) 


V.33TCM 


14400 


31 


V.33TCM 


12000 


32 


V.33TCM 


9600 


34 


V.33 TCM 


7200 


38 


V.32 TCM 


12000 


72 


V.32 TCM 


9600 


74 


V.32 


9600 


75 


V.32 


4800 


71 


V.32 TCM 


7200 


78 


V.29 


9600 


14 


V.29 


7200 


12 


V.29 


4800 


11 


V.22 bis 


2400 


84 


Single Tone 


— 


80 


Dual Tone 


_ 


83 


Dialing 


— 


81 


When single tone or dual tone mode is selected, the modem 


transmits one or two tones respectively. The tone frequencies are 


host programmable in DSP RAM. Single tone transmit uses the 


Dual Tone 1 frequency and level. 



TDAE 



TLVL 



0:13:4-7 



Tone Detector A Enable. When control bit TDAE is a 1 , tone detector A is enabled; when a 0, tone 
detector A is disabled. This bit only has an effect when DATA1 bit is a 1 and the receiver is in asynchronous 
mode or V.32 12000 bps. 

Transmit Level. The TLVL code selects the transmitter analog output level at the TXA pin as follows: 



TLVL Code 
(Hex) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 



TX Output Level 
(dBm ±0.5dB) 

-0.5 

-1.5 

-2.5 

-3.5 

-4.5 

-5.5 

-6.5 

-7.5 

-8.5 

-9.5 
-10.5 
-11.5 
-12.5 
-13.5 
-14.5 
-15.5 



TM 



TOD 



TONEA 



0:F:2 



2:4:1 



1:B:7 



The host can fine tune the transmit level to a value lying within a 1 dB step by changing a value in DSP RAM. 

Test Mode. When set to a 1 , status bit TM indicates that the modem has completed the handshake and 
is in the Loop 3 or RDL test mode. (V.22 bis) 

Train On Data. When set to a 1 , control bit TOD enables the train-on-data algorithm to converge the equalizer 
if the signal quality degrades. A BER of 10-3 for 0.5 seconds initiates the train-on-data. When TOD is 
a 1 , the modem is still able to recognize an incoming training sequence. (V.33, V.32, V.29) 

Tone A Detected. When set to a 1, status bit TONEA indicates that energy is present on the line 
within the tone detector A passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


TONEB 


1:B:6 


— 


Tone B Detected. When set to a 1 , status bit TONEB indicates that energy is present on the line 
within the tone detector B passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. 


TONEC 


1:8:5 




Tone C Detected. When set to a 1 , status bit TONEC indicates that energy is present on the line 
within the tone detector C passband and above its threshold. The bandpass filter coefficients are host 
programmable in DSP RAM. The TONEC filter is preceded by a squarer in order to facilitate detection 
of difference tones. This squarer may be disabled with the SQDIS bit (see SODIS bit). 


TPDM 


0:8:6 





Transmitter Parallel Data Mode. When control bit TPDM is a 1 , the transmitter accepts data for 
transmission from the TBUFFER (0 : 0) rather than the TXD input. 


TSPA 


0:5:0 





Transmitter Signal Point Activate. When control bit TSPA is a 1 , the transmitter uses the signal 
points X and Y directly from registers TSPX (0:0) and TSPY (0:1). The transmitter data input, 
TBUFFER and TXD, are ignored. When TSPA is a 0, the transmitter accepts data for transmission 
from the TBUFFER or the TXD input 


TSPX 


0:0:0-7 


00 


Transmitter Signal Point X. When TSPA is a 1 , register : is used to transmit the in-phase (X) 
coordinate of the transmitted signal point (TSPX). 


TSPY 


0-10-7 


00 


Transmitter Signal Point Y. When TSPA is a 1 , register : 1 is used to transmit the quadrature 
(Y) coordinate of the transmitted signal point (TSPY). 


TTDIS 


0:5:2 





Transmitter Training Disable. When control bit TTDIS is a 1 , the transmitter does not generate the 
training sequence at the start of transmission. With training disabled, the RTS/CTS delay is less than 
two baud times. (V.33, V 29) 


TXCLK 


0:13:0,1 





Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data clock. 

TXCLK Transmit Clock 

Internal 

2 External (XTCLK) 


3 Slave (RDCLK) 
When the external clock is chosen, the host supplied clock must be connected to the XTCLK input 
pin The external clock will then be reflected at the TDCLK output pin. 


When the slave clock is chosen, the transmitter clock (TDCLK) is phase locked to the receiver clock (RDCLK). 


TXSQ 


0:5:4 





Transmitter Squelch. When control bit TXSQ is a 1 , the transmitter analog output is squelched. All 

other transmitter functions continue as normal. When TXSQ is a 0, the transmitter output functions 

normally. 

This bit IS useful in 2-wire configurations where it is necessary to measure the spectrum and transmit 

level of a transmitter. Setting the TXSQ bit to a 1 turns off the transmitter so that only one of the two 

carriers is present. After TXSQ is set to a 0, a retrain should be sent to reestablish the data transfer. 


U1DET 


1:D:3 


~ 


Unscrambled 1s Detector. When set to a 1 , status bit U1DET indicates that V.22 bis unscrambled Is 
sequence has been detected This bit is reset to a by the modem at the end of the unscrambled Is 
sequence U1DET is not active when DATA1 is a 0. (V 22 bis) 


WDSZO 


0:6:0,1 





Data Word Size Ciiip 0. The WDSZO field sets the number of data bits per character in asynchronous 
mode in the transmitter as follows (V 32, V 22 bis): 

Data Bits/Character WDSZO (Hex) 

5 

6 1 

7 2 

8 3 

This bit must be configured appropriately before the ASYNO bit changes from a to a 1 for 
asynchronous mode. 


WDSZ1 


1:6:0,1 





Data Word Size Chip 1 . The WDSZ1 field sets the number of data bits per character in asynchronous 
mode in the receiver as follows (V.32, V.22 bis): 

Data Bits/Character WDSZ1 (Hex) 

5 

6 1 

7 2 

8 3 

This bit must be configured appropriately before the ASYN1 bit changes from a to a 1 for 
asynchronous mode. 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


XACCO 


0:1D:7 





X RAM Access Enable Chip 0. When control bit XACCO is a 1 , DSP chip accesses the X RAM 
associated with the address in XADDO and the XCRO bit. XWTO determines if a read or write is 
performed. The DSP resets XACCO to a upon RAM access completion. 


XACC1 


1:1D:7 





X RAM Access Enable Chip 1 . When control bit XACC1 is a 1 , DSP chip 1 accesses the X RAM 
associated with the address in XADD1 and the XCR1 bit. XWT1 determines if a read or write is 
performed. The DSP resets XACC1 to a upon RAM access completion. 


XACC2 


2-1D:7 





X RAM Access Enable Chip 2. When control bit XACC2 is a 1 , DSP Chip 2 accesses the X RAM 
associated with the address in XADD2 and the XCR2 bit. XWT2 determines if a read or write is 
performed. The DSP resets XACC2 to a upon RAM access completion. 


XADDO 


0:1C:0-7 


00 


X RAM Address Chip 0. XADDO contains the X RAM address used to access DSP chip O's X Data 
RAM (XCRO = 0) or X Coefficient RAM (XCRO = 1) via the X RAM Data LSB and MSB registers 
(0 : 1 8 and : 1 9, respectively) (See Table 9.) 


XADD1 


1:1C:0-7 


00 


X RAM Address Chip 1 . XADD1 contains the X RAM address used to access DSP chip 1 's X Data 
RAM (XCR1 = 0) or X Coefficient RAM (XCR1 = 1) via the X RAM Data LSB and MSB registers 
(1 : 18 and 1 : 19, respectively) (See Table 9.). 


XADD2 


2:1C:0-7 


00 


X RAM Address Chip 2. XADD2 contains the X RAM address used to access DSP chip 2's X Data 
RAM (XCR2 = 0) or X Coefficient RAM (XCR2 = 1) via the X RAM Data LSB and MSB registers 
(2: 18 and 2: 19, respectively). (See Table 9.) 


XCRDO 


0:1D:2 





X RAM Continuous Read Chip 0. When control bit XCRDO is a 1, bits XACCO and XWTO are 
overridden and an X RAM read from chip is performed every sample from the location addressed by 
XADDO (see DSP RAM Access). 


XCRD1 


1:1D:2 





X RAM Continuous Read Chip 1. When control bit XCRD1 is a 1, bits XACC1 and XWT1 are 
overridden and an X RAM read from chip 1 is performed every sample from the location addressed by 
XADD1 (see DSP RAM Access) 


XCRD2 


2:1D:2 





X RAM Continuous Read Chip 2. When control bit XCRD2 is a 1 , bits XACC2 and XWT2 are 
overridden and an X RAM read from chip 2 is performed every baud from the location addressed by 
XADD2 (see DSP RAM Access). 


XCRO 


0:1D:0 





X Coefficient RAM Select Chip 0. When control bit XCRO is a 1 , XADDO applies to DSP chip O's 
X Coefficient RAM. When XCRO is a 0, XADDO applies to the X Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


XCR1 


1:1D:0 





X Coefficient RAM Select Chip 1 . When control bit XCR1 is a 1 , XADD1 applies to DSP chip 1 's 
X Coefficient RAM. When XCR1 is a 0, XADD1 applies to the X Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


XCR2 


2:1D:0 





X Coefficient RAM Select Chip 2. When control bit XCR2 is a 1 , XADD2 applies to DSP chip 2's 
X Coefficient RAM. When XCR2 is a 0, XADD2 applies to the X Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


XDALO 


0:18:0-7 


00 


X RAM Data LSB Chip 0. XDALO is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 0. 


XDAL1 


1:18:0-7 


00 


X RAM Data LSB Chip 1 . XDAL1 is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 1 . 


XDAL2 


2:18:0-7 


00 


X RAM Data LSB Chip 2. XDAL2 is the least significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 2 


XDAMO 


0:19:0-7 


00 


X RAM Data MSB Chip 0. XDAMO is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 



Mnemonic 


Memory 
Location 


Defauit 
Value 


Name/Description 


XDAM1 


1:19:0-7 


00 


X RAM Data MSB Cliip 1. XDAM1 is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 1. 


XDAM2 


2:19:0-7 


00 


X RAM Data MSB Chip 2. XDAM2 is the most significant byte of the 16-bit X RAM data word used in 
reading or writing X RAM locations in DSP chip 2. 


XWTO 


0:1D:1 





X RAM Write Chip 0. When XWTO is a 1 and XACCO is set to a 1 , DSP chip copies data from the 
X RAM Data registers (0 : 18 and : 19) into the X RAM location addressed by XADDO and XCRO. 
When control bit XWTO is a and XACCO is set to a 1 , DSP chip reads X RAM at the location 
addressed by XADDO and XCRO. The read data is stored into the X RAM Data registers (0:18 
and 0:19). 


XWT1 


1:1D:1 





X RAM Write Chip 1 . When XWT1 is a 1 and XACC1 is set to a 1 , DSP chip 1 copies data from the 
X RAM Data registers (1 : 18 and 1 : 19) into the X RAM location addressed by XADD1 and XCR1 . 
When control bit XWT1 is a and XACC1 is set to a 1 , DSP chip 1 reads X RAM at the location 
addressed by XADD1 and XCR1 . The read data is stored into the X RAM Data registers (1:18 
and 1:19). 


XWT2 


2:1D:1 





X RAM Write Chip 2.When XWT2 is a 1 and XACC2 is set to a 1 , DSP chip 2 copies data from the 
X RAM Data registers (2: 18 and 2: 19) into the X RAM location addressed by XADD2 and XCR2. 
When control bit XWT2 is a and XACC2 is set to a 1 , the DSP chip 2 reads X RAM at the location 
addressed by XADD2 and XCR2. The read data is stored in the X RAM Data registers (2:18 
and 2: 19). 


YACCO 


0:1B:7 





Y RAM Access Enable Chip 0. When control bit YACCO is a 1 , DSP chip accesses the Y RAM 
associated with the address in YADDO and the YCRO bit. YWTO determines if a read or write is 
performed. The DSP resets YACCO to a upon RAM access completion. 


YACC1 


1:1B:7 





Y RAM Access Enable Chip 1 . When control bit YACC1 is a 1 , DSP chip 1 accesses the Y RAM 
associated with the address in YADD1 and the YCR1 bit. YWT1 determines if a read or write is 
performed. The DSP resets YACC1 to a upon RAM access completion. 


YACC2 


2:1B:7 





Y RAM Access Enable Chip 2. When control bit YACC2 is a 1 , DSP chip 2 accesses the Y RAM 
associated with the address in YADD2 and the YCR2 bit. YWT2 determines if a read or write is 
performed. The DSP sets YACC2 to a upon RAM access completion. 


YADDO 


0:1A:0-7 


00 


Y RAM Address Chip 0. YADDO contains the Y RAM address used to access DSP chip O's Y Data 
RAM (YCRO = 0) or Y Coefficient RAM (YCRO = 1) via the Y RAM Data LS8 and MS8 registers 
(0: 16 and 0: 17, respectively). (See Table 9.) 


YADD1 


1:1A:0-7 


00 


Y RAM Address Chip 1. YADD1 contains the Y RAM address used to access DSP chip 1's Y Data 
RAM (YCR1 = 0) or Y Coefficient RAM (YCR1 = 1) via the Y RAM Data LSB and MS8 registers 
(1 : 16 and 1 : 17, respectively). (See Table 9.) 


YADD2 


2:1A:0-7 


00 


Y RAM Address Chip 2. YADD2 contains the Y RAM address used to access DSP chip 2's Y Data 
RAM (YCR2 = 0) or Y Coefficient RAM (YCR2 = 1) via the Y RAM Data LSB and MSB registers 
(2: 16 and 2: 17, respectively). (See Table 9.) 


YCRDO 


0:18:2 





Y RAM Continuous Read Chip 0. When control bit YCRDO is a 1 , bits YACCO and YWTO are 
overridden and a Y RAM read from chip is performed every sample from the location addressed by 
YADDO (see DSP RAM Access). 


YCRD1 


1:18:2 





Y RAM Continuous Read Chip 1 . When control bit YCRD1 is a 1 , bits YACC1 and YWT1 are 
overridden and a Y RAM read from chip 1 is performed every sample from the location addressed by 
YADD1 (see DSP RAM Access). 


YCRD2 


2:18:2 





Y RAM Continuous Read Chip 2. When control bit YCRD2 is a 1 , bits YACC2 and YWT2 are 
overridden and a Y RAM read from chip 2 is performed every baud from the location addressed by 
YADD2 (see DSP RAM Access). 
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Table 8. R1496DP Interface Memory Bit Definitions (Continued) 





Memory 


Default 




Mnemonic 


Location 


Value 


Name/Description 


YCRO 


0:1B:0 





Y Coefficient RAM Select Chip 0. When control bit YCRO is a 1 , YADDO applies to DSP chip O's 

Y Coefficient RAIVl. When YCRO is a 0, YADDO applies to the Y Data RAIVI. This bit must be set 
according to the desired RAIVI address (Table 9). 


YCR1 


1-1B:0 





Y Coefficient RAM Select Chip 1. When control bit YCR1 is a 1, YADD1 applies to DSP chip 1's 

Y Coefficient RAM When YCR1 is a 0, YADD1 applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YCR2 


2-1B:0 





Y Coefficient RAM Select Chip 2. When control bit YCR2 is a 1, YADD2 applies to the DSP chip 2's 

Y Coefficient RAM. When YCR2 is a 0, YADD2 applies to the Y Data RAM. This bit must be set 
according to the desired RAM address (Table 9). 


YDALO 


0:16:0-7 


00 


Y RAM Data LSB Chip 0. YDALO is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 0. 


YDAL1 


1-16:0-7 


00 


Y RAM Data LSB Chip 1 . YDAL1 is the least significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 1 . 


YDAL2 


2:16:0-7 


00 


Y RAM Data LSB Chip 2. YDAL2 is the least significant byte of the 16-bit Y RAM data word used in 
reading or wnting Y RAM location in DSP chip 2. 


YDAMO 


0:17:0-7 


00 


Y RAM Data MSB Chip 0. YDAMO is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 0. 


YDAM1 


1:17:0-7 


00 


Y RAM Data MSB Chip 1. YDAM1 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 1 . 


YDAM2 


2:17:0-7 


00 


Y RAM Data MSB Chip 2. YDAM2 is the most significant byte of the 16-bit Y RAM data word used in 
reading or writing Y RAM locations in DSP chip 2. 


YWTO 


0:18:1 





Y RAM Write Chip 0. When YWTO is a 1 and YACCO is set to a 1 , DSP chip copies data from the 

Y RAM Data registers (0: 16 and 0: 17) into the Y RAM location addressed by YADDO and YCRO. 
When control bit YWTO is a and YACCO is set to a 1 , DSP chip reads Y RAM at the location 
addressed by YADDO and YCRO. The read data is stored into the Y RAM Data registers (0:16 
and 0:17). 


YWT1 


1.18:1 





Y RAM Write Chip 1 . When YWT1 is a 1 and YACC1 is set to a 1 , DSP chip 1 copies data from the 

Y RAM Data registers (1 . 16 and 1 : 17) into the Y RAM location addressed by YADD1 and YCR1. 
When control bit YWT1 is a and YACC1 is set to a 1 , DSP chip 1 reads Y RAM at the location 
addressed by YADD1 and YCR1 . The read data is stored into the Y RAM Data registers (1:16 
and 1:17). 


YWT2 


2:18:1 





Y RAM Write Chip 2. When YWT2 is a 1 and YACC2 is set to a 1 , DSP chip 2 copies data from the 

Y RAM, Data registers (2: 16 and 2: 17) into the Y RAM location addressed by YADD2 and YCR2. 
When control bit YWT2 is a and YACC2 is set to a 1 , DSP chip 2 reads Y RAM at the location 
addressed by YADD2 and YCR2 The read data is stored in the Y RAM Data registers (216 
and 2:17). 
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DSP RAM ACCESS 
GENERAL 

DSP RAM Organization 

Each DSP contains a 16-bit wide random access memory (RAM). 
Because the DSP is optimized for performing complex arithmetic, 
the RAM is organized into real (X RAM) and imaginary (Y RAM) 
parts. The host processor can access (read or write) the X RAM 
only, the Y RAM only, or both the X RAM and the Y RAM 
simultaneously. 

Interface l\/lemory Access to DSP RAIVI 

The interface memory acts as an intermediary during host to 
DSP RAM or DSP RAM to host data exchanges. The address 
stored in DSP interface memory RAM Access registers by the 
host, in conjunction with the data or coefficient RAM bit (e.g., 
XCRO) determines the DSP RAM address for data access. 

One or two 16-bit words are transferred between DSP RAM and 
DSP interface memory once each device cycle. The transmitter 
device and the receiver sample rate device operate at the 
9600 Hz sample rate. The receiver baud rate device operates 
at the baud rate of the selected data rate. 

Two RAM access bits in each DSP interface memory tell the 
DSP to access the X RAM and/or Y RAM. For example, the 
transfer is Initiated in the transmitter by the host setting the 
XACCO and/or the YACCO bit(s). The transmitter tests these bits 
each sample period. The receiver tests XACC1 and YACC1 each 
sample period and XACC2 and YACC2 each baud period. 

The following procedure applies to DSP RAM access in the trans- 
mitter device. The procedure to access DSP RAM in the receiver 
devices is the same with the exception of the RAM access 
bit names. 



to a 1 . Load the RAM Address code into X RAM Address and/or 
Y RAM address register; then set XCRO and/or YCRO appropri- 
ately. Set XACCO and/or YACCO to a 1 to signal the DSP to 
perform the RAM read. When the DSP has transferred the 
contents of RAM into the interface memory RAM Data registers, 
the DSP sets the XACCO and/or the YACCO bit to a and the 
NEWSO bit to a 1 to indicate DSP RAM read completion. 

If the NSIEO bit is a 1 , IRQ is also asserted when NEWSO is set 
to a 1 . When IRQ is asserted, NSIAO goes to a 1 to inform the 
host that setting of the NEWSO bit was the source of the inter- 
rupt. N SIAO is cleared by writing a into the NEWSO bit, which 
causes IRQ to return high if no other interrupt requests are 
pending. 

CONTINUOUS RAM READ PROCEDURE 

There are several diagnostic parameters that the host may wish 
to read every sample or every baud period. One example of this 
is the EQM (Eye Quality Monitor) value in chip 2 (receiver baud). 
The host may avoid having to set the XACC2/YACC2 bit every 
baud period by using the continuous read feature. Setting 
XCRD2 to a 1 overrides both XACC2 and XWT2 bits, while set- 
ting YCRD2 to a 1 overrides both YACC2 and YWT2 bits. 

The RAM address registers 1 A and 1C and the XCR2 and YCR2 
bits must be set up as described in the general DSP RAM read 
procedure. Then set XCRD2 and YCRD2 to 1 . The chip 2 DSP 
will then transfer data to the interface memory every baud. The 
NEWS2 bit is set as described in the general DSP RAM read 
procedure. 

The transmitter (chip 0) and receiver (chip 1) can be similarly 
treated, however, data will be transferred every sample by each 
device. 

Table 9 provides the RAM functions, address codes, and 
registers. 




DSP RAM Write Procedure (Transmitter) 

Before writing to DSP interface memory, set XACCO and YACCO 
to a 0. Set XWTO and/or YWTO to a 1 to inform the DSP that 
a RAM write will occur when XACCO and/or YACCO is set to a 1 . 
Load the RAM address Into X RAM Address and/or Y RAM 
Address registers; then set XCRO and/or YCRO appropriately. 
Write the desired data into the interface memory RAM Data 
registers then set XACCO and/or YACCO to a 1 to signal the DSP 
to perform the RAM write. When the DSP has transferred the 
contents of the Interface memory RAM Data registers into RAM, 
the DSP sets the XACCO and/or the YACCO bit to a and the 
NEWSO bit to a 1 to Indicate DSP RAM write completion. 

If the NSIEO bit is a 1 , IRQ is also asserted and NSIAO is set to a 
1 when NEWSO is set to a 1 . NSIAO i s clea red by writing a 
into the NEWSO bit, which also causes IRQ to return high if no 
other interrupt requests are pending. 

DSP RAM Read Procedure (Transmitter) 

Before reading from DSP interface memory, set XACCO and 
YACCO to a 0. Set XWTO and/or YWTO to a to inform the DSP 
that a RAM read will occur when XACCO and/or YACCO is set 



SOFTWARE INTERFACE CONSIDERATIONS 

INTERRUPT REQUEST HANDLING 

DSP interface memory registers registers 00, 1 E and 1 F have 
unique hardware connections to the interrupt logic. Register 00 
is the Receive Buffer (RBUFFER)/Rate Sequence Code 
LSB (RSEQL) in the receiver sample rate device and the Transmit 
Buffer (TBUFFER)/Transmit Signal Point X (TSPX) in the trans- 
mitter device. Registers IE and 1F hold Interrupt flag, interrupt 
enable, and interrupt active bits. When a condition occurs that 
satisfies an Interrupt criteria, the corresponding interrupt flag bit 
is set. This interrupt flag can be reported to the host either by the 
host polling the interrupt flag bits (i.e., not using IRQ) or by being 
interrupted by IRQ. When an interrupt enable bit is a 1, IRQ is 
asserted and the appropriate interrupt active bit set to a 1 when 
the corresponding Interrupt condition occurs. 

The basic sources for IRQ generation are status change detected, 
configuration change implemented, receive buffer full and trans- 
mit buffer empty. Each source is individually maskable. Table 10 
identifies the interrupt sources and describes the interrupt clearing 
procedures. 



2-127 



R1496DP 



14.4 kbps/V.32 9600 bps Full-Duplex Modem 



Table 9. R1496DP RAM Addresses 









Address Code 










Address Code 




Real 


Imaginary 


Real 


Imaginary 






Chip 


Part 


Part 


CR 






Chip 


Part 


Part 


CR 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


1 


Transmitter Compromise Equalizer 
Coefficients: 










26 


Tone Detector A Bandpass 
Filter Coefficients 




26 


- 


1 




First Tap 





5B 


— 


1 


27 


Tone Detector B Bandpass 




2C 


_ 


1 




Last Tap 





34 


— 


1 




Filter Coefficients 










2 


V.33/V.32 Rate Sequence 





93 


— 


1 


28 


Tone Detector C Bandpass 




32 


— 


1 


3 


DTIVIF Tone Duration 





9A 


— 


1 




Filter Coefficients 










4 


DTMF Interdigit Delay 





1A 


— 


1 


29 


RLSD On-to-Off Threshold 




07 


— 


1 


5 


DTMF Low Band Power Level 





19 


— 


1 


30 


RLDS Off-to-On Threshold 




01 








6 


DTMF High Band Power Level 





99 


— 


1 


31 


Receiver Chip 1 New Status Bit (NEWS1) 










7 


Pulse Relay Make Time 





9C 


— 


1 




Masking Register for 1 :A and 1 :B 




9B 


— 


1 


8 


Pulse Relay Break Time 





1C 


— 


1 




Masking Register for 1 :C and 1 :D 




9C 


— 


1 


9 


Pulse Interdigit Delay 





IB 


— 


1 




Masking Register for 1 :E and 1 :F 




9D 


— 


1 


10 


Transmitter Output Level Gain Constant 





99 


— 





32 


Received Signal Samples 




03 


— 





11 


Dual Tone 1 Frequency 





87 


— 





33 


Demodulator Output 




04 


84 





12 


Dual Tone 2 Frequency 





90 


— 


1 


34 


Low Pass Filter Output 




00 


80 





13 


Dual Tone 1 Power Level 





02 


— 





35 


Average Energy 




02 


— 





14 


Dual Tone 2 Power Level 





82 








36 


AGO Gam Word 




01 





1 


15 


Transmitter New Status Bit (NEWSO) 





11 


— 


1 


37 


Timing Recovery Update 




25 


— 







Masking Register for 0:E and 0:F 










38 


Equalizer Input 


2 


18 


98 





16 


Total Span of Echo Canceller 





9D 


— 





39 


Equalizer Tap Coefficients: 










17 


Echo Canceller Dividing Point 





AO 


— 







First Tap 


2 


18 


98 


1 


18 


Far End Echo Canceller Center 





24 


— 







Last Tap 


2 


47 


C7 


1 




Tap Position 










40 


Unrotated Equalizer Output 


2 


01 


81 





19 


Echo Canceller Update Coefficient 





24 


— 


1 


41 


Rotated Equalizer Output (Received Points) 


2 


02 


82 


1 




(Training Mode) 










42 


Decision Points (Ideal Points) 


2 


02 


82 





20 


Echo Canceller Update Coefficient 





A4 


— 


1 


43 


Equalizer Error 


2 


03 


83 







' (Data Mode) 










44 


Equalizer Rotation Angle 


2 


87 


— 


1 


21 


CTS OFF-to-ON Response Time 





10 


— 


1 


45 


Equalizer Frequency Correction 


2 


OA 


— 


1 




(RTS-CTS Delay) 










46 


Eye Quality Monitor (EQM) 


2 


07 


— 


1 


22 


Round Trip Far Echo Delay 





9E 


— 





47 


Maximum Period of Valid Ring Signal 


2 


17 


— 





23 


Echo Canceller Error 





20 


— 





48 


Minimum Period of Valid Ring Signal 


2 


97 


— 





24 


Far End Echo Frequency Offset 





20 


— 


1 


49 


Receiver Chip 2 New Status Bit (NEWS2) 


2 


7E 


— 





25 


Far End Echo Level 





25 


— 







Masking Register for 2:E and 2:F 










Note: 1. CR corresponds to XCRO, YCRO, ) 


<CR1, 


YCR1,XCR2, or 


'/CR2 depending on the chip number and address code. 









Table 10. Interrupt Request Bits 



Interrupt 

Active 

Bit 


Interrupt 

Enable 

Bit 


Interrupt 
Flag 
Bit 


Interrupt Condition Description 


interrupt Clear Procedure 


Transmitt< 


ir (DSP Chip 0) 








NSIAO 


NSIEO 


NEWSO 


New status detected (NEWSO transitioned from a to 1) 

a. RAM read or RAM wnte occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWSO 
(Clears NSIAO to a 0) 


NCIAO 


NCIEO 


NEWCO 


New transmitter configuration implemented by DSP 
(NEWCO transitioned from a 1 to a 0) 


Host writes a into NCIEO 
(Clears NCIAO to a 0) 


DBIAO 


DBIEO 


DBAO 


Transmitter Data Buffer is empty and can be written 
(DBAO transitioned from a to a 1) 


Host writes to register 
0:0 (TBUFFER/TSPX) 
(Clears DBAO and DBIAO to 0) 


Receiver (DSP Chip 1) 


NSIAI 


NSIE1 


NEWS1 


New status detected (NEWS1 transitioned from a to a 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OA through OF 


Host writes a into NEWS1 
(Clears NSIAI to a 0) 


NCIA1 


NCIE1 


NEWC1 


New receiver configuration or receiver threshold 
implemented by DSP (NEWC1 transitioned from a 1 to a 0) 


Host writes a into NCIE1 
(Clears NCIA1 to a 0) 


DBIA1 


DBIE1 


DBA1 


Receiver Chip 1 Data Buffer is full and can be read 
(DBA1 transitioned from a to a 1) 


Host reads register 
1:0(RBUFFER/RSEQL) 
(Clears DBA1 and DBIA1 to 0) 


Receiver (DSP Chip 2) | 


NSIA2 


NSIE2 


NEWS2 


New status detected (NEWS2 transitioned from a to a 1) 

a. RAM read or RAM write occurred 

b. Status bit changed in register OF 


Host writes a into NEWS2 
(ClearsNSIA2toaO) 


TBIA2 


DBIE2 


DBA2 


Receiver Chip 2 Data Buffer is full and can be read 
(DBA2 transitioned from a to a 1) 


Host reads register 2:0 (RSPX) 
(Clears DBA2 and DBIA2 to 0) 
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AUTO DIAL PROCEDURE 

The host auto dial procedure is the same as outputting data to be 
transmitted using TBUFFER (Figure 5). The modem timing 
accounts for the DTMF tone duration and amplitude, pulse 
make/break ratio, and interdigit delay. These dialing parameters 
are host programmable in DSP RAM. 

The levels of the high band and low band DTMF tones may be 
modified by the host in DSP RAM. The level of the high band DTMF 
tone should be 2 dB greater than the level of the low band DTMF 
tone. 



The auto dialer default parameters are given in Table 11. 
Table 11. Auto Dialer Default Parameters 



Parameter 


Default Value 


DTMF Tone Duration 
DTMF Interdigit Delay 
DTMF Total Output Power Level 
DTMF Low Band Power Level 
DTMF High Band Power Level 


95 ms 
70 ms 
OdBm 
-4dBm 
-2dBm 


Pulse Relay Make Time 
Pulse Relay Break Time 
Pulse Interdigit Delay 


36 ms 

64 ms 

750 ms 



Dial Digits 





Dial 




Hex 


Digits 


Tone Pairs 


GO 





941 1336 


01 


1 


697 1209 


02 


2 


697 1336 


03 


3 


697 1477 


04 


4 


770 1209 


05 


5 


770 1336 


06 


6 


770 1477 


07 


7 


852 1209 


08 


8 


852 1336 


09 


9 


852 1477 


OA 


* 


941 1209 


OB 


# 


941 1477 




1 — RA (0 :7:1) 
ACTIVATE OHRC 



81 — TCONF (0:12:0-7) 
1 — NEWC0(0:1F:0) 



1 (TONES) -* DTMF (0:9:5) 
(PULSES) — DTMF (0:9: 5) 



WRITE FIRST 

DIGIT IN TBUFFER (0:0) 



•^ DBA0(0:1E: 



:0) = 1? 



WRITE DIGIT 

IN TBUFFER (0:0) 



< 



LAST DIGIT? 



> 



y Vn 

^ DBA0(0:1E:0) = 1? ^ ' 



REQ'D CONFIGURATION 
— TCONF (0:12:0-7) 
1 — NEWC0(0:1F:0) 



f STOP ) 



Figure 5. R1496DP Auto Dial Sequence and Dial Digits 
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PERFORMANCE 

TYPICAL BIT ERROR RATES 

Typical modem bit error rate (BER) curves are shown in Figure 6 
for a back-to-bacl< connection. 



TYPICAL BER TEST SETUP 

Tiie BER curves shown in Figure 6 were prepared from data 
obtained with a TAS 1002 test system. 
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5 10 15 20 25 30 


Signal to Noise Ratio (SNR) -dB 


a. Typical Bit Error Rate (Back-to-Back, -20 dBm Receive Level, 


T Equalizer, Compromise Equalizer Disabled) 



Figure 6. Bit Error Rate Curves 



ELECTROMECHANICAL DESIGN 
CONSIDERATIONS 

The area outlined by the analog ground plane in Figure 7 contains 
components which are sensitive to electromagnetic interference 
(EMI). When designing the host system, do not position radiating 
circuitry in the vicinity of this sensitive area. A ground plane 
adjacent to the modem analog circuitry is recommended. 



ANALOG 

GROUND ► 

PLANE 



©oc 



OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO' 




Figure 7. Analog Ground Plane Location 
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GENERAL SPECIFICATIONS 



Table 12. R1496DP Modem Power Requirements 



Voltagei 


Tolerance 


Current (Typical) 

@25°C 


Current (Maximum) 
@0°C 


+ 5VDC 
+ 12VDC 
-12VDC 


±5% 
±5% 
±5% 


300 mA 

3 mA 

30 mA 


585 mA 

6 mA 

36 mA 


Note: 1. Input voltage ripple <0.1 volts peak-to-peak. 



Table 13. R1496DP Modem Environmental Specifications 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity: 
Altitude 


OOQ to +70°C (32° F to 158° F) 

-40°C to -h80°C (-40°Fto 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 

-200 feet to +10,000 feet 



Table 14. R1496DP Modem Mechanical Dimensions 





Specification 


Board Structure: 


Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration. 


Dimensions: 






Width 


3.228 in. (82 mm) 




Length 


3.937 in. (100 mm) 




Component Height 






Top (max.) 


0.300 in. (7.62 mm) 




Bottom (max.) 


0.130 in. (3.3 mm) 




Weight (max.): 


3.6 02. (100 g) 




Pin Length (max.) 


0.535 ±0.015 in. (13.6 ±0.4 mm), gold plated. 
0.433 ±0.015 m. (11.0 ±0.4 mm), gold plated. 
0.315 ±0.015 in. (8.0 ±0.4 mm), gold plated 





3.228 

(82) 
3.025 
(76.8) 



0.100 
(2.54) 

0.100 -H 

(2.54) 



0.250 
(6.4) 

lOOOOOOOOOOOOOOOOOOOlj) - 



0.098 DIA (3 PL) 
(2.5) 



Iflaai ii ?g9'?9'?9g9999'?999?'?9'?9990'f o- 



0.100 (TYR) 



(2.54) 



3.725 



3.937 



(94.6) 



SEE TABLE 14 



(100) 
0.025 Sa PIN 
(0.64) (61 PL) 



3.075 
78.1 



_L 



t 0.075 
(1.9) 



0.300 MAX 
(7.62) 




130 
(3.3) 
COMPONENT AREA 



Figure 7. R1496DP Modem Dimensions and Pin Locations 
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IMAGE MODEMS 
LEADING THE WORLD IN FACSIMILE MODEMS 

Rockwell Is the world leader in the production and sale of highly integrated 9600 bps Group 3 facsimile 
modems. Because Rockwell has been a key factor in "driving" signal processor (SP) and integrated 
analog (lA) technology, Rockwell is a major OEM supplier to Japanese facsimile manufacturers. 

Rockwell's R96F/FI — a half-duplex, dial-up 9600 bps synchronous modem — is the industry standard for 
facsimile Image transmission. Its compact size, unsurpassed performance and proven reliability have 
made it the choice of every major facsimile manufacturer since its introduction in 1984. The R96FI is 
designed for use in Group 3 facsimile machines and is also compatible with Group 2 machines. 

In response to market demands for smaller facsimile machines, Rockwell has introduced a line of single 
device, 64-pin QUIP, facsimile modems. The R96MFX MONOFAX® operating at 9600 bps, the R48MFX 
MONOFAX operating at 4800 bps, and the R24MFX MONOFAX operating at 2400 bps, are the world's 
first single device modems designed for emerging personal facsimile market. Rockwell's latest addition to 
the family is the R96EFX, which incorporates HDLC error detection for higher quality image transmission 
and V.27ter short train for PC to PC communication applications. 

In addition, Rockwell offers single device modems for other Image applications. The R48PCJ, a V.27 ter 
modem with both long and short training options, is designed for applications in personal computer com- 
munication, teletex, and intelligent workstations. The R24BKJ, a V.26 bis modem, is designed for applica- 
tions in banking terminals and intelligent workstations. 

Continuing our digital communications leadership role, Rockwell has introduced a 14.4 kbps half-duplex 
modem, the R144HD, for public switched telephone line operation. In addition to facsimile applications, 
the R144HD can be used for half-duplex data transmission, which provides a cost effective method of 
transfemng large data blocks. This high performance, ultra-high speed product further establishes Rock- 
well as the leader in setting standards for the facsimile modem industry. 



Model 


Data Speed 
(bps) 


Compliance 


R24MFX 


2400, 300 


CCITT V.27 ter Fallback, V.21 Channel 2, T.4 


R48MFX 


4800, 2400, 300 


CCITT V.27 ter, V.21 Channel 2, T.4, T.30 


R96MFX 


9600, 7200, 4800, 2400, 300 


CCITT V.29, V.27 ter, V.21 Channel 2, T.4, T.30, T.3 


R96FI 


9600, 7200, 4800, 2400, 300 


CCITT V.29, V.27 ter, V.21 Channel 2, T.3, T.4, T.30 


R96MD 


9600, 7200, 4800, 2400, 300 


CCITT V.29, V.27 ter, V.21 Channel 2, T.3, T.4, T.30 


R144HD 


14400, 12000, 9600, 7200, 4800, 
2400, 300 


CCITT V.33, V.29, V.27 ter w/Short Train, 
V.21 Channel 2, T.3, T.4, T.30 


R24BKJ 


2400 


CCITT V.26 bis, Bell 201 C 


R48PCJ 


4800, 2400, 300 


CCITT V.27 ter Short Train, V.21 Channel 2, T.4, T.30 
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R24MFX 

MONOFAX^ Modems 




R24MFX 
2400 bps MONOFAX^ 



Modem 



INTRODUCTION 

The R24MFX MONOFAX 24 is a synchronous, serial/parallel, 
2400 bps modem in a single 64-pin quad in-line package (QUIP). 
The modem is designed for operation over the public switched 
telephone network with appropriate line terminations, such as 
a data access arrangement, provided externally. 

The R24MFX satisfies the telecommunications requirements 
specified in CCITT Recommendation V.27 ter fallback 
(2400 bps), T.4 and the binary signaling capabilities of Recom- 
mendation T.30. 



The R24MFX is optimized for use in compact Group 3 facsimile 
machines. Its small size and low power consumption offer the 
user flexibility in creating a 2400 bps modem customized for 
specific packaging and functional requirements. 

™ MONOFAX IS a trademark of Rockwell International 
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FEATURES 

• Single 64-Pin QUIP 

• CCITT V.27 ter Fallback, T.30, V.21 Channel 2, T.4 

• Group 3 Facsimile Transmission/Reception 

• Half-Duplex (2-Wire) 

• Programmable Dual Tone Generation 

• Programmable Tone Detection 

• Dynamic Range: -43 dBm to dBm 

• Diagnostic Capability 

— Provides Telephone Line Quality Monitoring Statistics 

• Equalization 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

• DTE Interface: Two Alternate Ports 

— IVIicroprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Low Power Consumption: 1W (Typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 





R24MFX Pin Assignments 



R24I\1FX 2400 bps l\/IONOFAX Modem 
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TECHNICAL CHARACTERISTICS 

TONE GENERATION 

Under control of the host processor, the R24MFX can gener- 
ate single or dual frequency voice band tones up to 3600 Hz 
with a resolution of 0.11 Hz and an accuracy of 0.01%. The 
transmit level and frequency of each tone is independently 
programmable. 



TONE DETECTION 

Single frequency tones are detected by a programmable filter. 
The presence of energy at the selected frequency is indicated 
by a bit in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Date Rates 



Configuration 


Parameter 


Specification 
<±0.01«/b) 


V.27 


Signaling Rate 
Data Rate 


1200 Baud 
2400 bps 


V.21 


Signaling Rate 
Data Rate 


300 Baud 
300 bps 



DATA ENCODING 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 ter. 

At 300 baud, the data stream is 300 bps FSK per CCITT V.21 
channel 2. 

COMPROMISE CABLE EQUALIZERS 

In addition to the adaptive equalizer, the R24MFX provides selec- 
table compromise cable equalizers to optimize performance over 
three different lengths of non-loaded cable of 0.4 mm diameter 
(1.8 km, 3.6 km, and 7.2 km). 

Cable Equalizer Nominal Gain 



Frequency 
(Hz) 


Gain (dB) Relative to 1700 Hz 


1.8 km 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+ 0.15 
+ 1.43 


-2.39 
-0.65 
+ 0.87 
+ 3.06 


-3.93 
-1.22 
+ 1.90 
+ 4.58 



TRANSMITTED DATA SPECTRUM 

When operating at 1200 baud, the transmitter spectrum is 
shaped by a square root of 90% raised cosine filer. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically meet the 
requirements of foreign telephone regulatory agencies. 

SCRAMBLER/DESCRAMBLER 

The R24MFX incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with CCITT V,27 ter. 



RECEIVE LEVEL 

The receiver circuit of the R24MFX satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to -43 dBm. An external input buffer and filter must be sup- 
plied between the receiver analog input (RXA) and the R24MFX 
RXIN pin. The received line signal level is measured at RXA. 

RECEIVE TIMING 

In the receive state, the R24MFX provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the centers of received data bits. 
The timing recovery circuit is capable of tracking a ± 0.01 % fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 

TRANSMIT LEVEL 

The transmitter output level is programmable. An external out- 
put buffer and filter must be supplied between the R24MFX 
TXOUT pin and the transmitter analog output (TXA). The default 
level at TXA is + 5 dBm ± 1 dB. When driving a 600 ohm load 
the TXA output requires a 600 ohm series resistor to provide 
- 1 dBm ± 1 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the R24MFX provides a Data Clock (DCLK) 
output with the following characteristics: 

1 . Frequency: Selected data rate of 2400 or 300 Hz ( ± 0.01 %). 

2. Duty Cycle: 50% ±1%. 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

Three turn-on sequences are generated by the R24MFX, as 
defined in the following table: 

Turn-On Sequences 



No. 


Bit Rate. 


RTS-CTS 
Time (ms) 


Comments 


1 


300 bps 


<14 


No Training 
Sequence 


2 


2400 bps2 


943 


No Echo 
Protector Tone 


3 


2400 bps2 


1148 


Preceded^ 
By Echo 
Protector Tone 


Notes: 

1 . Turn-on sequence 3 is used on lines with protection 
against talker echo. 

2. V.27 ter long training sequence only. 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud, 
followed by a 20 ms period of no transmit ted e nergy. In V.21 
the transmitter turns off within 7 ms after RTS goes false. 
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CLAMPING 

The following clamps are provided with the R24MFX: 

1 . Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



2. Received Line Signal D etect or (RLSD). RLSD is clamped off 
(squelched) whenever RTS is on. 

RESPONSE TIMES OF CLEAR-TO-SEND (GTS) 

The time betwe en the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequen ce. R esponse time is 943 ms for V.27 ter at 2400 bps. 
In V.21 CTS turns on in 14 ms or less. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 



RLSD turns on at the end of the trainin g sequence. If training 
is not detected at th e receiv er, the RLSD off-to-on response time 
is 674 ± 10 ms. The RLSD on-to-off response time Is 10 ± 5 ms. 
Response times are measured with a signal at least 3 d& above 
the ac tual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 



Receiver threshold is programmable over the range dBm to 
~ 50 dSm, however, performance may be at a reduced level 
when the received signal Is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to RXA. 

POWER 



Voltage Tolerance Current (Max) @ 25 '^C Current (Max) @ SO^C 



+ 5 Vdc 
-5 Vdc 



±5% 
±5% 



250 mA @ 5.0 Vdc 
25 mA @ -5 Vdc 



225 mA ( 
25 mA ( 



5.0 Vdc 
-5.0 Vdc 



Note: All voltages must have ripple <0.1 volts peak-to-peak. If 
a switching supply is chosen, user may select any frequency 
between 20 kHz and 150 kHz so long as no component of the 
switching frequency is present outside of the power supply with 
an amplitude greater than 500 microvolts peak. 



ENVIRONMENTAL 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 


0'*C to +60°C (32° F to UO^F) 

-40*>C to +80'>C (-40«F to 176«F) (Stored 

in suitable antistatic container) 

Up to 90% noncondensing, or a wet bulb 

temperature up to 35*'C, whichever is less. 
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INTERFACE CHARACTERISTICS 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins on the 
64-pin QUIP. Software circuits are assigned to specific bits in 
a 16-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the R24MFX Hard- 
ware Circuits table; the table column titled Type' refers to 
designations found in the Digital and Analog Interface Charac- 
teristics tables. 

Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (CS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 



gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 

V.24 Interface 

Seven hardware circuits provide timing, data and control signals 
for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (0, + 5 volt). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 
pins may remain unterminated. 



R24MFX Hardware Circuits 



Name 


Type 


Pin No. I Description i 


Name 


Type 


Pin No. 


Description 1 


A. POWER: 1 


E. ANALOG SIGNALS: | 


AGND 


GND 


24 


Connect to Analog Ground 


TXOUT 


AA 


28 


Connect to Output Op Amp 


DGND1 


GND 


22 


Connect to AGND Ground 


RXIN 


AB 


37 


Connect to Input Op Amp 


DGND2 
DGND3 


GND 
GND 


48 


Connect to Digital Ground 


AUXI 


AC 


26 


Auxiliary Analog Input 














DGND4 
DGND5 


GND 
GND 


29 
4 


Connect to Digital Ground 
Connect to Digital Ground 


F. OVERHEi 


^D 






PORO 


I/OB 


43 


Power-On-Reset Output 


+ 5VA 


PWR 


31 


Connect to Analog + 5V Power 


PORI 


I/OB 


3 


Power-On-Reset Input 


+ 6VD 


PWR 


11 


Connect to Digital +5V Power 


XTLO 


R* 


10 


Connect to Crystal Circuit 


-5VA 


PWR 


25 


Connect to Analog -5V Power 


XTLI 


R* 


9 


Connect to Crystal Circuit 


B. MICROPf 


)OCESS 


OR INTERFACE: | 


RCVO 
RCVI1 


R* 
R* 


47 
34 


Receive Mode Output 
Connect to RCVO 


D7 


l/OA 


49 > 




06 


l/OA 


50 






RCVI2 


R* 


16 


Connect to RCVO 


D6 


l/OA 


51 






SCLKO 


R* 


44 


Switched Capacitor Clock Output 


D4 


l/OA 


52 






SCLKIN1 


R* 


30 


Connect to SCLKO 


D3 


l/OA 


53 


' 


Data Bus (8 Bits) 


SCLKIN2 


R* 


38 


Connect to SCLKO 


D2 


l/OA 


54 






AOUT 


R* 


36 


Smoothing Filter Output 


D1 


l/OA 


55 






AGCIN 


R* 


23 


AGO Input 


DO 


l/OA 


56 J 






DAOUT 


R* 


14 


DAC/AGC Data Out 


RS3 


lA 


61 




DAIN 


R* 


40 


Connect to DAOUT 


RS2 


lA 


62 


Register Select (4 Bits) 


ADOUT 


R* 


39 


ADC Output 


RS1 


lA 


63 


Select Reg. - F 


ADIN 


R* 


15 


Connect to ADOUT 


RSO 


lA 


64 




FOUT 


R* 


27 


Smoothing Filter Output 











FIN 


R* 


35 


Connect to FOUT 


CS 
READ 

wrFte 


lA 
lA 
lA 


59 
58 
60 


Chip Select 
Read Strobe 
Write Strobe 


SYNCOUT 
SYNCIN1 


R* 
R* 


20 
41 


Sample Clock Output 
Connect to SYNCOUT 


IRQ 


OB 


57 


Interrupt Request 


SYNCIN2 
SYNCIN3 
RCI 


R* 
R* 
R* 


5 

1 

42 


Connect to SYNCOUT 
Connect to SYNCOUT 
RC Junction for POR Time 
Constant 


C. V.24 INTERFACE: | 


DCLK 

RTS 

CTS 

TXD 

RXD 

RLSD 


OC 
IB 
OC 
IB 
OC 
OC 


19 
46 
17 
13 
12 
18 


Data Clock 
Request-to-Send 
Clear-to-Send 
Transmitter Data Signal 
Receiver Data Signal 
Received Line Signal Detector 


G. RESERVED | 




R* 
R* 
R* 
R* 


2 

6 

7 

21 


Do Not Connect 
Do Not Connect 
Do Not Connect 


D. CABLE E 


QUALIZ 


ER: 1 




R* 


45 


Do Not Connect 


CABLE1 


IC 


32 


Cable Select 1 


*R = Requir 


ed overh 


sad connecti 




CABLE2 


IC 


33 


Cable Select 2 


Unused inp 
resistors. 


uts tied tc 


) + 5V or grc 


3und require individual 10K fi series 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Type 1 


Input 


Output 


Input/Output 


lA 


IB 


10 


OA 


OB 


DC 


l/OA 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 min. 


2.0 min. 


2.0 min 








2.0 min. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max 


0.8 max. 


0.8 max. 








0.8 max. 


0.8 max. 


VOH 


Output Voltage, High 


V 








2.4 min.i 






2.4 min. ^ 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.5 


■in 


Input Current, Leakage 


/*A 


± 2.5 max. 












±12.5 max.4 




"oh 


Output Current, High 


mA 








-0.1 max. 










"OL 


Output Current, Low 


mA 








1 .6 max. 


1.6 max. 


1.6 max. 






"l 


Output Current, Leakage 


mA 










±10 max. 








IPU 


Pull-up Current 
(Short Circuit) 


/.A 




- 240 max. 
-10 min. 


-240 max. 
-10 min. 






- 240 max. 
-10 min. 




- 260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 




3. 1 load = -40/tA 








1. 1 load = -100/iA 




4. V|N = 0.4 to 2.4 Vdc, Wqc = 


5.25 Vdc 






2. 1 load = 1 .6 mA 




5. 1 load = 0.36 mA 









Analog Interface Characteristics 

Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXOUT 

RXIN 
AUXI 


AA 

AB 
AC 


The transmitter output can supply a 
maximum of ±3.03 volts into a load 
resistance of 10k Q minimum. In order to 
match to 600 fi, an external smoothing 
filter with a transfer function of 
15726 43/(8 + 1 1542.44) and 604 Q series 
resistor are required. 

The receiver input impedance is greater 
than 1 M Q An external antialiasing filter 
with a transfer function of 
19533.88/(8 + 11542.44) is required. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, 
any signal above 3600 Hz will cause 
aliasing errors. The input impedance is 
1M Q, and the gain to transmitter output 
(TXA)is +5.6 dB ±1 dB. 


Note: Absolute maximum voltage ratings for analog inputs are: 
(-5 VA - 0.3) < V,N < ( + 5 VA + 0.3) 



Microprocessor interface Timing Requirements 


Characteristic 


Symbol 


Min 


Max 


Units 


CS, RSi setup time pnor 
to READ or WRITE 


TCS 


30 




ns 


Data Access time after READ 


TDA 


— 


140 


ns 


Data hold time after READ 


TDH 


10 


50 


ns 


CS, RSi hold time after 
READ or WRITE 


TCH 


10 


_ 


ns 


Write data setup time 


TWDS 


75 


— 


ns 


Write data hold time 


TWDH 
TWR 


10 
75 


— 


ns 
ns 


WRITE strobe pulse width 



TCS -^ 



CS 



READ 



WRITE 



TCS -H 



WRITE 



READ 



^ — TDH -♦ 



* TCH TCS H W- ♦ 



^ TCH TCS * 



^J 



-*' TWR 



=^"^3 — C^ 



TCH 



l-»-TCH 



TWDS 



-TWDH 



Microprocessor Interface Timing Waveforms 



3-7 



R24MFX 



2400 bps MONOFAX Modem 



Cable Equalizers 

Modems may be connected by direct wiring, sucli as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1 700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undeslred passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies can be placed in series with the 
analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. 



Cable Equalizer Selection 



CABLE1 


CABLE2 


Length of 0.4mm Diameter Cable 





1 

1 



1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Analog Signals 

Three analog signals provide the interface point for telephone 
company audio circuits and host audio inputs. Signals TXOUT 
and RXIN require buffering and filtering to be suitable for driving 
and receiving the communication channel. Signal AUXI provides 
access to the transmitter for summing host audio signals with 
the modem analog output. 

The filters required for anti-aliasing on the receiver input and 
smoothing on the transmitter output have a single pole located 
at 1 1 ,542 radians. Although this pole is located within the modem 
passband, internal filters compensate for its presence and, 
therefore, the pole location must not be changed. Some varia- 
tion from recommended resistor and capacitor values is per- 
mitted as long as the pole is not moved, overall gain is preserved, 
and the device is not required to drive a load of less than 10k Q. 

Notice that when reference is made to signals TXA, RXA, and 
AUXIN, these signals are not electrically identical to TXOUT, 
RXIN, and AUXI. The schematic of the recommended modem 
interface circuit illustrates the differences. 

Overhead 

Except for the power-on-reset signal PORO, the overhead 
signals are intended for internal use only. The various required 
connections are illustrated in the recommended modem inter- 
face circuit schematic. No ho st conn ections should be made to 
overhead signals other than PORO. 



SOFTWARE CIRCUITS 

The R24MFX contains 16 memory mapped registers to which 
an external (host) microprocessor has access. The host may read 
data out of or write data into these registers. Refer to the R24MFX 
Host Processor Interface figure. 

When information in these registers is being discussed, the for- 
mat Z:Q is used. The register is specified by Z(O-F), and the bit 
by Q(0-7, = LSB). A bit is considered to be "on" when set to 
a one (1) and "off" when reset to a zero (0). 

Status/Control Bits 

The operation of the R24MFX is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. 

All status and control bits are defined in the R24MFX Interface 
Memory Map table. Bits designated by ' — ' are reserved for 
modem use only and must not be changed by the host. 

Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits In a register, the host 
processor must mask out unwanted data. When writing a single 
bit or group of bits in a register the host processor must perform 
a read-mod if y-write operation. That is, the entire register Is read, 
the necessary bits are set or reset in the accumulator of the host, 
then the original unmodified bits and the modified bits are written 
back into the register of the Interface memory. 

Configuration Control 

Three configurations are available in the R24MFX modem: V.27, 
V.21 , and Tone. These three configurations are selected by 
writing an 8-bit binary code into the configuration field (CONF) 
of the interface memory. The configuration field consists of bits 
7 through of register D. The code for these bits is: = V.21 , 
4 = V.27, and 8 = Tone. All other codes represent invalid states. 

When the modem is initialized by power-on-reset, the configura- 
tion defaults to V.27. When the host wants to change configura- 
tion, the new code is written to the configuration field and the 
SETUP bit (E:3) is set to a one. Once the new configuration takes 
effect, the SETUP bit is reset to zero by the modem. 

The information in the interface memory is serviced by the 
modem at either 1200 times per second or 7200 times per 
second depending on configuration. In V.21 , the rate is 7200 
times per second. In both V.27 and Tone configuration, the rate 
is 1200 times per second. 
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READ 



WRITE 



c 



D0-D7 



RS0-RS3 



^ 



IRQ 



^ READ 
WRITE 
LOGIC 



. WRIlt A 



REGISTER 

SELECT 

LOGIC 



iT 







REGISTER F 



REGISTER E 



REGISTER 1 



REGISTER 



SP 
I/O 
BUS 



A TV LOGIC /^ \ 

\ ^/ UNIT k,, ^ 



SP 
MAIN 
BUS 



o 



RAM 



INTERRUPT 
LOGIC 



INTERFACE MEMORY 




R24MFX Host Processor Interface 





R24MFX Interface Memory Map 






^\ Bit 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


RAMA 


E 


lA CDIE CDREQ - SETUP i DDE - |dDREQ 


D 


CONF 


C 


RTSP 


EFT ItPDM 


TD!S 


EQSV 


EQFZ 


— 


RAMW 


B 


RX 


FED 


GHiT 


_ 


_ 


— 


_ 


A 


TDET 


— 


__ 


— 


— 


— 


~~ 


_ 


9 


— 


— 


— 


— 


— 


— 




— 


8 


— 


— 


CDET 


___ 


PN 


— 


— 


— 


7 


_ 


— 


— 


_ 


— 


— 


__ 


_ 


6 


— 


— 


— 


— 


~ 


— 


- 


_ 


5 


RXCD 


4 


TXCD 


3 


DDXM 


2 


DDXL 


1 


DDYM 





DDYL 


Register 

y^Bit 


7 


6 


5 


4 


3 


2 


1 






Channel Data Transfer 

Data sent to or received from the data channel may be transferred 
between the modem and host processor in either serial or parallel 
form. The receiver operates in both serial and parallel mode 
simultaneously and requires no mode control bit selection. The 
transmitter operates in either serial or parallel mode as selected 
by mode control bit C:5 (TPDM). 



To enable the transmitter parallel mode, TPDM must be set to 
a 1. The modem automatically defaults to the serial mode 
(TPDM = 0) at power-on. In either transmitter serial or parallel 
mode, the R24MFX is configured by the host processor via the 
microprocessor bus. 

Serial Mode—The serial mode uses a standard V.24 (RS-232-C) 
hardware interface (optional USRT) to transfer channel data. 
Transmitter data can be sent serially only when TPDM is set to 
a zero. 

Parallel Mode— Parallel data is transferred via two registers in 
the interface memory. Register 5 (RXCD) is used for receiver 
channel data, and Register 4 (TXCD) is used for transmitter chan- 
nel data. Register 5 is continuously written every eight bit times 
when in the receive state. Register 4 Is used as the source of 
channel transmitter data only when bit C:5 (TPDM) Is set to a one 
by the host. Ot herw ise the transmitter reads data from the V.24 
interface. Both RTS and RTSP remain enabled, however, regard- 
less of the state of TPDM. 

When performing parallel data transfer of channel data, the host 
and modem can synchronize their operations by handshaking bits 
in register E. Bit E:5 (CDREQ) is the channel data request bit. 
This bit is set to a one by the modem when receiver data is 
available in RXCD or when transmitter data is required in TXCD. 
Once the host has finished reading RXCD or writing TXCD, the 
host processor must reset CDREQ by writing a zero to that bit 
location. 

When set to a oneby the host, Bit E:6 (CDIE) enables the CDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) is a one. 

If the host does not respond to the channel data request within 
eight bit times, the RXCD register is over written or the TXCD 
register is sent again. 

Refer to Channel Data Parallel Mode Control flow chart for recom- 
mended software sequence. 
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R24MFX Interface Memory Definitions 



Mnemonic 


Name 


Memory 
Location 


Description 


CDET 


Carrier Detector 


8:5 


The one state of CDET indicates passband energy is being detected, and a training sequence is 
not present. CDET goes to one at the start of the data state, and returns to zero at the end of the 
received signal. CDET activates one baud time before RLSD and deactivates one baud time after 
RLSD. 


CDIE 


Channel Data 
Interrupt Enable 


E:6 


When set to a one, CDIE enables an IRQ interrupt to be generated when the channel data 
request bit (CDREQ) is a one. 


CDREQ 


Channel Data 
Request 


E:5 


Parallel data mode handshaking bit. Set to a one when the modem receiver writes data to RXCD, 
or the modem transmitter reads data from TXCD. CDREQ must be reset to zero by the host 
processor when data service is complete. 


CONF 


Configuration 


D:0-7 


The 8-bit field CONF controls the configuration of the modem according to the following table: 

Hex Code Configuration 

V.21 

4 V.27 

8 Tone 

All else Invalid 

Configuration Definitions 

V.21— The modem operates as a CCITT T.30 compatible 300 bps FSK modem having 
characteristics of the CCITT V.21 Channel 2 modulation system. 

Tone— The modem sends single or dual frequency tones in response to the RTS or RTSP signals. 
Tone frequencies and amplitudes are controlled by RAM locations written by the host. When not 
transmitting tones the Tone configuration allows detection of single frequency tones by the TDET 
bit. The tone detector frequency can be changed by the host by altering the contents of several 
RAM locations. 

v:27— The modem operates as specified in CCITT Recommendation V.27 for a 2400 bps data rate. 


DDIE 


Diagnostic Data 
Interrupt Enable 


E:2 


When set to a one, DDIE enables an IRQ interrupt to be generated when the diagnostic data 
request bit (DDREQ) is a one. 


DDREQ 


Diagnostic Data 
Request 


E:0 


DDREQ goes to a one when the modem reads from or wntes to DDYL. DDREQ goes to a zero 
when the host processor reads from or writes to DDYL. Used for diagnostic data handshaking bit. 


DDXL 


Diagnostic Data 
X Least 


2:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDXM 


Diagnostic Data 
XMost 


3:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDYL 


Diagnostic Data 
Y Least 


0:0-7 


Least significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


DDYM 


Diagnostic Data 
YMost 


1:0-7 


Most significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


EPT 


Echo Protector 
Tone 


C:6 


When EPT is a one, in unmodulated carrier is transmuted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. 


EQFZ 


Equalizer Freeze 


C:2 


When EQFZ is a one, the adaptive equalizer taps stop updating and remain frozen. 


EQSV 


Equalizer Save 


C:3 


When EQSV is a one, the adaptive equalizer taps are not zeroed when reconfiguring the modem 
or when entering the training state. 


FED 


Fast Energy 
Detector 


B:5,6 


FED consists of a 2-bit field that indicates the level of received signal according to the following 
code. 

Code Energy l-evel 

None 

1 Invalid 

2 Above Turn-off Threshold 

3 Above Turn-on Threshold 

While receiving a signal, FED normally alternates between Codes 2 and 3. 
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R24MFX Interace Memory Definitions (continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


GHIT 


Gain Hit 


B:4 


The gam hit bit goes to one when the receiver detects a sudden increase in passband energy 
faster than the AGC circuit can correct. GHIT returns to zero when the AGC output returns to 
normal. 


lA 


Interrupt Active 


E:7 


lA is a one when the modem is driving the interrupt request line (IRQ) to a low TTL level. 


PN 


Period N 


8-3 


PN sets to a one at the start of the received PN sequence. PN resets to zero at the start of the 
receiver data state. PN does not operate when EQFZ (C:2), EQSV (C:3) or TDIS (C:4) is set to one. 


RAMA 


RAM Access 


F:0-7 


The RAMA register is written by the host when reading or writing diagnostic data. The RAMA 
code determines the RAM location with which the diagnostic read or write is performed. 


RAMW 


RAM Write 


C:0 


RAMW is set to a one by the host processor when performing diagnostic writes to the modem 
RAM. RAMW is set to a zero by the host when reading RAM diagnostic data. 


RTSP 


Request to Send 
Parallel 


C:7 


The one state of RTSP begins a transmit sequence. The modem continues to transmit until RTSP 
is turned off and the turn-off sequence has been completed. RTSP parallels the operation of the 
hardware RTS control input. These inputs are ORed by the modem 


RXCD 


Receiver 
Channel Data 


5:0-7 


RXCD is written to by the modem every eight bit times. This byte of channel data can be read by 
the host when the receiver sets the channel data request bit (CDREQ). 


RX 


Receive State 


B:7 


RX IS a one when the modem is in the receive state (i.e., not transmitting). 


SETUP 


Setup 


E:3 


The host processor must set the SETUP bit to a one when reconfigunng the modem, i.e., when 
changing CONF (D:0-7). 


TDET 


Tone Detected 


A:7 


The one state of TDET indicates reception of a tone. The filter can be retuned by means of the 
diagnostic write routine. 


TDIS 


Training Disable 


C:4 


If TDIS is a one in the receive state, the modem is prevented from entering the training phase If 
TDIS is a one when RTS or RTSP go active, the generation of a training sequence is prevented at 
the start of transmission. 


TPDM 


Transmitter 
Parallel Data 
Mode 


C:5 


When control bit TPDM is a one, the transmitter accepts data for transmission from the TXCD 
register rather than the serial hardware data input. 


TXCD 


Transmitter 
Channel Data 


4:0-7 


The host processor conveys output data to the transmitter in parallel data mode by writing a data 
byte to the TXCD register when the channel data request bit (CDREQ) goes to a one. Data is 
transmitted as single bits in V.21 or as dibits in V.27 starting with bit or dibit 0,1. 




Diagnostic Data Transfer 

The modem contains 128 words of random access memory 
(RAM). Each word is 32-bits wide. Because the modem is 
optimized for performing complex arithmetic, the RAM words 
are frequently used for storing complex numbers. Therefore, 
each word is organized into a real part (16 bits) and an imaginary 
part (16-bits) that can be accessed independently. The portion 
of the word that normally holds the real value is referred to as 
XRAM. The portion that normally holds the imaginary value Is 
referred to as VRAM. The entire contents of XRAM and VRAM 
may be read by the host processor via the microprocessor 
Interface. 

The Interface memory acts as an Intermediary during these host 
to signal processor RAM data exchanges. The RAM address 
to be read from or written to is determined by the contents of 
register F (RAMA). The R24MFX RAM Access Codes table lists 
27 access codes for storage In register F and the corresponding 
diagnostic functions. The R24MFX Diagnostic Data Scaling table 
provides scaling Information for these diagnostic functions. Each 
RAM word transferred to the Interface memory Is 32 bits long. 



These bits are written Into Interface memory registers 3, 2, 1 
and in that order. Registers 3 and 2 contain the most and least 
significant bytes of XRAM data, respectively, while registers 1 
and contain the most and least significant bytes of VRAM data 
respectively. 

When set to a one, bit C:0 (RAMW) causes the modem to 
suspend transfer of RAM data to the interface memory, and 
Instead, to transfer data from Interface memory to RAM. When 
writing Into the RAM, only 16 bits are transferred, not 32 bits 
as for a read operation. The 16 bits written In XRAM or VRAM 
come from registers 1 and 0, with register 1 being the more 
significant byte. Selection of XRAM or VRAM for the destination 
Is by means of the code stored In the RAMA bits of register F. 
When bit F:7 Is set to one, the XRAM Is selected. When F:7 
equals zero, YRAM is selected. 

When the host processor reads or writes register 0, the 
diagnostic data request bit E:0 (DDREQ) Is reset to zero. When 
the modem reads or writes register 0, DDREQ Is set to a one. 
When set to a oneby the host, bit E:2 (DDIE) enables the DDREQ 
bit to cause an IRQ Interrupt when set. While the IRQ line Is 
driven to a TTL low level by the modem, bit E:7 (lA) goes to a one. 
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c 


SEND 


3 


1— TPDM 1 


♦ 


1 — RTSP 

OR 
— RTS 




O^CDREQ 




EXIT 



3 



( ERROR J 




— CDREQ 




Channel Data Parallel Mode Control 
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R24MFX RAM Access Codes 




Node 


Function 


RAMA 


Re9* No. 


1 


AGO Gain Word 


B1 


2.3 


2 


Average Power 


F2 


23 


3 


Receiver Sensitivity 


F1 


2.3 


4 


Receiver Hysteresis 


84 


2.3 


5 


Equalizer Input 


5B 


0.1,2,3 


6 


Equalizer Tap Coefficients 


1B-2A 


0,1,2,3 


7 


Unrotated Equalizer Output 


6B 


0,1.2,3 


8 


Rotated Equalizer Output 


OA 


0,1,2,3 


9 


Decision Points 


6C 


0,1,2.3 


10 


Error Vector 


6D 


0.1.23 


11 


Rotation Angle 


87 


2.3 


12 


Frequency Correction 


8B 


2.3 


13 


EQM 


BO 


2.3 


14 


Alpha (a) 


36 


0.1 


15 


Beta One (/3i) 


37 


0,1 


16 


Beta Two (iSg) 


38 


0,1 


17 


Alpha Prinze (a') 


39 


0,1 


18 


Beta One Prime (jS,') 


3A 


0.1 


19 


Beta Two Prime i^^) 


3B 


0.1 


20 


Alpha Double Prime (a") 


B6 


2.3 


21 


Beta Double Prime ()8") 


B7 


2.3 


22 


Output Level 


43 


0.1 


23 


Tone 1 Frequency 


8E 


2.3 


24 


Tone 1 Level 


44 


0.1 


25 


Tone 2 Frequency 


8F 


2,3 


26 


Tone 2 Level 


45 


0,1 


27 


Checksum 


02 


0,1 
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R24MFX Diagnostic Data Scaling 



Node 


Parameter/Scaling 


1 


AGO Gain Word (16-bit unsigned). 

AGC Gain in dB = 50 > [(AGC Gain Word/64) x 0.098] 

Range: (16C0)i6 to (7FFF)i6, For -43 dBm Threshold 


2. 


Average Power (16-bit unsigned) 
Post-AGC Average Power in dBm 

= 10 Log (Average Power Word/2185) 
Typical Value = (0889)i6, corresponding to dBm 
Pre-AGC Power in dBm 

= (Post-AGC Average Power-AGC Gain) 


3 


Receiver Sensitivity (16-bit twos complement) 

On-Number = 655.36 (52.38 + Pqn) 

where: Pqn = Turn-on threshold in dB 

Convert On-Number to hexadecimal and store at access 

code F1 


4 


Receiver Hysteresis (16-bit twos complement) 
Off-Number = [65.4 (10^)1^/2 

where: A = (Pqff - Pqn - 0.5)/20 
Pqn = Turn-on threshold In dB 
Pqff = Turn-off threshold in dB 
Convert Off-Number to hexadecimal and store at access 
code 84. 



5,7-9 



10 



12 



14-21 



22 



24 

and 

26 



23 

and 

25 



27 



Parameter/Scaling 



Aii base-band signal point nodes (i.e.. Equalizer Input. 
Unrotated Equalizer Output, Rotated Equalizer Output, 
and Decision Points) are 32-bit, complex, twos 
complement numbers. Y 



Point 


X 


Y 


1 


1600 


1600 


2 


EAOO 


1600 


3 


EAOO 


EAOO 


4 


1600 


EAOO 



• 2 



S1 



Equalizer Tap Coefficients (32-bit, complex, twos 

complement) 

Complex numbers with X = real part. Y » Imaginary part 

X and Y range: 0000 to (FFFF)i6 representing ±full scale 

In hexadecimal twos complement^ 



Error Vector (32-bit. complex, twos complement) 

Complex number with X = real part, 

Y = imaginary part. 

X and Y range: (8000)i6 to (7FFF)i6 



Rotation Angle (16-bit, signed, twos complement) 
Rotation Angle in deg. = (Rot. Angle Word/65,536) x 360 



Frequency Correction (16-bit signed twos complement) 
Frequency correction in Hz 

= (Freq. Correction Word/65,536) x Baud Rate 
Range: (FC00)i6 to (400)^6 representing ± 18.75 Hz 



EQM (16-bit, unsigned) 

Filtered squared magnitude of error vector. 

Proportionality to BER determined by particular application. 



Filter Tuning Parameters (16-blt unsigned) Alpha, Beta One, 
Beta Two, Alpha Prime, Beta One Prime, Beta Two Prime, 
Alpha Double Prime, and Beta Double Prime are set according 
to instructions in application note 668. Use a sample rate of 
7200 samples per second for all calculations. 



Output Ljevel (16-bit unsigned) 

Output Number = 27573.6 [lO^^^^Oj 

Po = output power in dBm with series 600 ohm resistor 

into 600 ohm load. 
Convert Output Number to hexadecimal and store at 
access code 43 



Tone 1 and Tone 2 Levels 

Calculate the power of each tone independently by using 
the equation for Output Number given at node 22. 
Convert these numbers to hexadecimal then store at 
access codes 44 and 45. Total power transmitted in tone 
mode is the result of both tone 1 power and tone 2 
power. 



Tone 1 and 2 Frequency (16-bit unsigned) 

N = 9.1022 (Frequency in Hz) 

Convert N to hexadecimal then store at access code 8E 

or8F 



Checksum (16-bit unsigned) 

ROM checksum number determined by revision level. 
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POWER-ON INITIALIZATION 

When power is applied to the R24I\/IFX, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this perio d. Approximately 10 ms after 
the low to high tran sition of POR, the modem is ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below approximately 3 Vdc for more than 30 msec, the 
POR cycle is repeated. 

At POR time the modem defaults to the following configuration: 
V.27/2400 bps, serial mode, training enabled, echo protector 
tone enabled, interrupts disabled, RAM access code OA, 
transmitter output level set for +5 dBm at TXA, receiver turn- 
on threshold set for -43.5 dBm, receiver turn-off threshold set 
for -47.0 dBm, tone 1 and tone 2 set for Hz and volts output, 
and tone detector parameters zeroed. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or configuration. A low active pulse of 3 {isec or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be config ured 10 msec after the low active pulse is 
removed from POR. 



PERFORMANCE 

Whether functioning as a V.27 ter or V.21 type modem, the 
R24MFX provides the user with unexcelled high performance. 

TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that illustrated in CCITT 
Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R24MFX can adapt to received 
frequency error of ± 10 Hz with less than 0.2 dB degradation 
in BER performance. 

TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a BER of 10-6 or less with a 
signal-to-noise ratio of 12.5 dB in the presence of 15° peak-to- 
peak phase jitter at 150 Hz or with a signal-to-noise ratio of 15 
dB in the presence of 30° peak-to-peak phase jitter at 120 Hz 
(scrambler inserted). 

An example of the BER performance capabilities is given in the 
following diagrams: 
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The BER performance test set-up is show in the following 
diagram: 
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BER Performance Test Set-up 
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APPLICATION 

Recommended Modem Interface Circuit 

The R24MFX is supplied as a 64-pin QUIP device to be designed 
into original equipment manufacturer (OEM) circuit boards. The 
recommended modem interface circuit and parts list illustrate 
the connections and components required to connect the modem 
to the OEM electronics. 

If the auxiliary analog input (pin 26) is not used, resistors R2 
and R3 can be eliminated and pin 26 must be connected to 
analog ground (pin 24). When the cable equalizer controls 
CABLE1 and CABLE2 are connected to long leads that are 
subject to picking up noise spikes, a 3k series resistor should 
be used on each input (Pins 32 and 33) for isolation. 

Resistors R4 and R9 can be used to trim the transmit level and 
receive threshold to the accuracy required by the OEM 
equipment. For a tolerance of ±1 dB the 1% resistor values 
shown are correct for more than 99.8% of the units. 



Typical Modem Interface Parts List 




Manufacturer's 




Component 


Part Number 


Manufacturer 


C3,C5,C7,C9 


592CX7R104M050B 


Sprague 


C2 


N511BY100JW 


San Fernando/ 
Wescap 


C1 


C114C330J2G5CA 


Kemet 


C11 


SA405C274MAA 


AVX 


Y1 


333R1 4-002 


Uniden 


Z1 


LM1458N 


National 


R5.R6 


CML 1/10 






T86.6Kohm ±1% 


Dale Electronics 


R4 


5MA434.0K ±1% 


Corning Electronics 


R11 


5043CX3R000J 


Mepco Electra 


R10 


5043CX2M700J 


Mepco Electra 


R1 


5043CX47K00J 


Mepco Electra 


R7 


5043CX3K00J 


Mepco Electra 


R2,R3 


5043CX1K00J 


Mepco Electra 


C10 


ECEBEF100 


Panasonic 


C8 


SMC50T1R0M5X12 


United Chem-Con 


C4.C6 


C124C102J5G5CA 


Kemet 


CR1 


IN751D 


I.T.T 


R9 


CRBy4XF47K5 


R-Ohm 


RB 


ER025QKF2370 


Matsushita Electric 


R14 


Determined by IRQ 
characteristics 





PC Board Layout Considerations 

1 . The R24MFX and all supporting analog circuitry, including 
the data access arrangement if required, should be located 
on the same area of printed circuit board (RGB). 

2. All power traces should be at least 0.1 inch width. 

3. If power source is located more than approximately 5 inches 
from the R24MFX, a decoupling capacitor of 10 microfarad 
or greater should be placed in parallel with C1 1 near pins 1 1 
and 48. 

4. All circuitry connected to pins 9 and 10 should be kept short 
to prevent stray capacitance from affecting the oscillator. 



5. Pin .22 should be tied directly to pin 24 at the R24MFX 
package. Pin 24 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

6. An analog ground plane should be supplied beneath all 
analog components. The analog ground plane should 
connect to pin 24 and all analog ground points shown in the 
recommended circuit diagram. 

7. Pins 4, 8, 29, and 48 should tie together at the R24MFX 
package. Pin 48 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

8. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane should 
connect to pin 48 and all digital ground points shown in the 
recommended circuit diagram plus the crystal-can ground. 

9. The R24MFX package should be oriented relative to the two 
ground planes so that the end containing pin 1 is toward the 
digital ground plane and the end containing pin 32 is toward 
the analog ground plane. 

10. As a general rule, digital signals should be routed on the 
component side of the PCB while analog signals are routed 
on the solder side. The sides may be reversed to match a 
particular OEM requirement. 

11. Routing of R24MFX signals should provide maximum 
isolation between noise sources and sensitive inputs. When 
layout requirements necessitate routing these signals 
together, they should be separated by neutral signals. Refer 
to the table of noise characteristics for a list of pins in each 
category. 

Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive 


High 


Low 


Low 


High 


1 
2 
5 

14 
15 
20 
21 
30 
38 
39 
40 
41 
44 


6 
7 
9 
10 
12 
13 
17 
18 
19 
45 
46 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


3 
4 
8 
11 
16 
22 
24 
25 
29 
31 
34 
42 
43 
47 
48 


26 
28 
32 
33 


23 
27 
35 
36 
37 
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PACKAGE DIMENSIONS 
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64-Pin QUIP 
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rNTRODUCTION 

The R24BKJ is a synchronous, serial/parallel, 2400 bps modem 
In a single 64-pin quad in-line package (QUIP). The modem is 
designed for operation over the public switched telephone net- 
work with appropriate line terminations, such as a data access 
arrangement, provided externally. 

The R24BKJ satisfies the telecommunications requirements 
specified in CCITT Recommendation V.26 bis Alternate A or B 
and Bell 201 B/C. 



The R24BKJ is optimized for use in compact original equipment 
manufacturer (OEM) systems. Its small size and low power con- 
sumption offer the user flexibility in creating a 2400 bps modem 
customized for specific packaging and functional requirements. 



SYNCIN3 


r 


1 


64 


=ZD RSO 


NC 




2 

3 


63 
62 


IHS1 


FORI 


(= 


ZZD RS2 


DGND5 


^- 


4 
5 


61 
60 




SYNCIN2 


Z=J WRITE 


NC 




6 


59 


ICS 


NC 


[IZZ 


7 


58 


^ READ 


DGND3 




8 


57 




XTLI 


1 


9 


56 


ZZD DO 


XTLO 




10 


55 


IDI 


+ 5VD 


1= 


11 


54 


=3 D2 








53 


ID3 


TXD 


1 


13 


52 


^ D4 


DAOUT 




14 


51 


IDS 


ADIN 


1 — ~ 


15 


50 


ZZD D6 


RCVI2 1 


16 
17 


49 
48 




CTS 


1 


IZID DGND2 


RLSD 




18 
19 


47 
46 


1 HCVO 


DCLK 


nzz 


ZZD RTS 


SYNCOUT 




20 


45 


INC 


NC 


1 — 


21 


44 


ZIZ) SCLKO 


DGND1 




22 


43 


^PORO 


AGCIN 


[=1 


23 


42 


=] RCI 






25 


40 




-5VA 


1 — 


ZZD DAIN 


AUXI 




26 
27 


39 
38 


1 ADOUT 


FOUT 


1 ; 


ZZD SCLKIN2 


TXOUT 




28 


37 


IRXIM 


DGND4 


1 


29 


36 


ZZD AOUT 


SCLKIN1 




30 


35 


IFIN 


+ 5VA 


1 


31 


34 


ZZD RCVI1 


CABLE1 




32 


33 


1 CABLE2 



NC = NO CONNECTION 



R24BKJ Pin Assignments 



FEATURES 

• Single 64-Pin QUIP 

• CCITT V.26 bis Alternate A or B 

• Bell 201 B/C 

• Half-Duplex (2-Wire) 

• Programmable RTS/CTS Delay 

• Programmable Dual Tone Generation 

• Programmable Tone Detection 

• Dynamic Range: -43 dBm to dBm 

• Diagnostic Capability 

— Provides Telephone Line Quality Monitoring Statistics 

• Equalization 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

• DTE Interface: Two Alternate Ports 
~ Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Low Power Consumption: 1W (Typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 
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TECHNICAL CHARACTERISTICS 

TONE GENERATION 

Under control of the host processor, the R24BKJ can gener- 
ate single or dual frequency voice band tones up to 3600 Hz 
with a resolution of 0.11 Hz and an accuracy of 0.01%. The 
transmit level and frequency of each tone is independently 
programmable. 

TONE DETECTION 

Single frequency tones are detected by a programmable filter. 
The presence of energy at the selected frequency is indicated 
by a bit in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 



Parameter 


Specification 
(±0.01%) 


Signaling Rate 
Data Rate 


1200 Baud 
2400 bps 



RECEIVE LEVEL 

The receiver circuit of the R24BKJ satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to - 43 dBm. An external input buffer and filter must be sup- 
plied between the receiver analog input (RXA) and the R24BKJ 
RXIN pin. The received line signal level is measured at RXA. 

RECEIVE TIMING 

in the receive state, the R24BKJ provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the centers of received data bits. 
The timing recovery circuit Is capable of tracking a ± 0.01 % fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 

TRANSMIT LEVEL 

The transmitter output level is programmable. An external out- 
put buffer and filter must be supplied between the R24BKJ 
TXOUT pin and the transmitter analog output (TXA). The default 
level at TXA, when sending pseudorandom data, is + 5 dBm 
± 1 dB. When driving a 600 ohm load the TXA output requires 
a 600 ohm series resistor to provide - 1 dBm ±1 dB to the load. 



DATA ENCODING 

The 2400 bps data stream is encoded into dibits per CCITT V.26 
bis Alternate A or B and Bell 201 B/C. 



COMPROMISE CABLE EQUALIZERS 

In addition to the adaptive equalizer, the R24BKJ provides 
selectable compromise cable equalizers to optimize performance 
over three different lengths of non-loaded cable of 0.4 mm 
diameter (1.8 km, 3.6 km, and 7.2 km). 



TRANSMIT TIMING 

In the transmit state, the R24BKJ provides a Data Clock (DCLK) 
output with the following characteristics: 

1. Frequency: Data rate of 2400 Hz (±0.01%). 

2. Duty Cycle: 50% ±1%. 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 



Cable Equalizer Nominal Gain 



Frequency 
(Hz) 


Gain (dB) Relative to 1700 Hz 


1.8 kin 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


-0.99 

-0.20 

. +0.15 

+ 1.43 


-2.39 

-0.65 

. +0 87 

+ 3.06 


-3.93 
-1.22 
+ 1.90 
+ 4.58 



SYNCHRONIZING SEQUENCE 

The synchronizing sequence of the R24BKJ consists of two 
segments: a fixed segment of unscrambled ones, and an open 
segment which may be either unscrambled or scrambled ones, 
depending on the configuration selected. Both segments are pro- 
grammable by allowing the synchronizing sequence to be varied 
for specific applications. 



TRANSMITTED DATA SPECTRUM 

The transmitter spectrum is shaped by a square root of 90% 
raised cosine filter. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FGG's Rules, and typically meet the 
requirements of foreign telephone regulatory agencies. 

SCRAMBLER/DESCRAMBLER 

The R24BKJ incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with CCITT V.27 ter. 
The scrambler can be disabled by setting a bit in interface 
memory. 



TURN-OFF SEQUENCE 

The turn-off sequence consists of approximately 10 ms of 
remaining data and scrambled or unscrambled ones at 
1200 baud. 



CLAMPING 

The following clamps are provided with the R24BKJ: 

1 . Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



2. Received Line Signal D etect or (RLSD). RLSD is clamped off 
(squelched) whenever RTS is on. 
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RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time betw een t he off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the synchronizing 
signal. The response time is programmable. The choice of 
response times depends upon the system application: a) limited 
protection against line echoes; b) protection given against line 
echoes. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 

RLSD turns on whenever energy is detected on the line. The 
RLSD off-to-on response time is 10 ±5 ms. 



A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to RXA. 



POWER 








Voltage 


Tolerance 


Current 
(Max) @ 250C 


Current 
(Max) ® 60«C 


+ 5Vdc 
-5Vdc 


±50/0 
±50/0 


250 mA @ 5.0 Vdc 
25mA@ -5.0 Vdc 


225 mA @ 5.0 Vdc 
25mA@ -5.0 Vdc 


Note: All voltages must have ripple <0.1 volts peak-to-peak. If 
a switching supply is chosen, user may select any frequency 
between 20 kHz and 150 kHz so long as no component of the 
switching frequency is present outside of the power supply with 
an amplitude greater than 500 microvolts peak. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. The on-to-off response time is 
10 ± 5 ms. Response times are measured with a signal at least 
3 dB abov e the ac tual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold. 

Receiver threshold is programmable over the range dBm to 
- 50 dBm, however, performance may be at a reduced level 
when the received signal is less than - 43 dBm. 



ENVIRONMENTAL 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 

1 


0<»Cto +60°C(32OFto140»F) 

-40''C to +80<»C (-40°F to 176»F) (Stored 

in suitable antistatic container). 

Up to 90% noncondensing, or a wet bulb 

temperature up to 35*'C, whichever is less. 



















^ CABLE 2 


; 1 "''"0 


R24BKJ 
MODEM 


1 p 


4 ^^^ n 


_ CABLE 1 










1 ^^° m 


AUXI 




USRT 


1 ^ 
1 _ DCLK 






XTLO 




1 (UK 1 lUNAL; f-^ 




1 ^ 


RLSD p 




_ 




K 

u 


, RXD 


1 1 CLOCK 

«TLI CRYSTAL 




r*" 




1 


L^,,^J 






1 


' 


I / 


i i 


READ 


TXOUT _ 


LINE 
INTERFACE 




TELEPHONE 
' LINE 








RXIN 






HOST 

PROCESSOR 

(DTE) 




-^ 
















1 


u '^""'' m^n 












DATA BUS (8) _ 






ADDRESS BUS (4) _ 








'" 


^ 


" DECODER 


-) ^^ ^r 


+ 5V 




"^ 




« -5^ 








POR _^ 




-1^ '"°« n 


_ GND 




















V 













R24BKJ Functional Interconnect Diagram 



3-21 



R24BKJ 



2400 bps V.26 bis, Bell 201 B/C Modem 



INTERFACE CHARACTERISTICS 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins on the 
64-pin QUIP. Software circuits are assigned to specific bits in 
a 16-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, includ- 
ing the microprocessor interface, are listed in the R24BKJ Hard- 
ware Circuits table; the table column titled Type' refers to 
designations found in the Digital and Analog Interface Charac- 
teristics tables. 

Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (CS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 



gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 

V.24 Interface 

Seven hardware circuits provide timing, data and control sig- 
nals for implementing a serial interface compatible with CCITT 
Recommendation V..24. These signals interface directly with cir- 
cuits using TTL logic levels (0, + 5 volt). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 
pins may remain unterminated. 



R24BKJ Hardware Circuits 



Name 


Type 


Pin No. 1 Description 1 


Name 


Type 


Pin No. 


Description 


A. POWER: 1 


E. ANALOG SIGNALS: 


AGND 


GND 


24 


Connect to Analog Ground 


TXOUT 


AA 


28 


Connect to Output Op Amp 


DGND1 


GND 


22 


Connect to AGND Ground 


RXIN 


AB 


37 


Connect to Input Op Amp 


DGND2 
DGND3 


GND 
GND 


48 


Connect to Digital Ground 
Connect to Digital Ground 


AUXI 


AC 


26 


Auxiliary Analog Input 


8 










DGN04 
DGND5 


GND 
GND 


29 
4 


Connect to Digital Ground 
Connect to Digital Ground 


F. GVERHEi 


IVD 






PORO 


I/OB 


43 


Power-On-Reset Output 


+ 5VA 


PWR 


31 


Connect to Analog + 5V Power 


PORi 


I/OB 


3 


Power-On-Reset Input 


+ 5VD 


PWR 


11 


Connect to Digital + 5V Power 


XTLO 


R* 


10 


Connect to Crystal Circuit 


-5VA 


PWR 


25 


Connect to Analog - 5V Power 


XTLI 

RCVO 

RCVI1 


R* 
R* 
R* 


9 
47 

34 


Connect to Crystal Circuit 
Receive Mode Output 
Connect to RCVO 


B. MICROPF 


IGCESS 


OR INTERFACE: | 


D7 


l/OA 


49 n 






D6 


l/OA 


50 






RCVI2 


R* 


16 


Connect to RCVO 


D5 


l/OA 


51 






SCLKO 


R* 


44 


Switched Capacitor Clock Output 


D4 


l/OA 


52 






SCLKIN1 


R* 


30 


Connect to SCLKO 


D3 


l/OA 


53 


" 


Data Bus (8 Bits) 


SCLKIN2 


R* 


38 


Connect to SCLKO 


D2 


l/OA 


54 






AOUT 


R* 


36 


Smoothing Filter Output 


01 


l/OA 


55 






AGCIN 


R* 


23 


AGO Input 


DO 


l/OA 


56 . 






DAOUT 


R* 


14 


DAC/AGC Data Out 


RS3 


lA 


61 1 




DAIN 


R* 


40 


Connect to DAOUT 


RS2 


lA 


62 1 


Register Select (4 Bits) 


ADOUT 


R* 


39 


ADC Output 


RS1 


lA 


63 r 


Select Reg. - F 


ADIN 


R* 


15 


Connect to ADOUT 


RSO 


lA 


64 J 




FOUT 


R* 


27 


Smoothing Filter Output 










FIN 


R* 


35 


Connect to FOUT 


CS 

READ 

WRITE 


lA 
lA 
lA 


59 
58 
60 


Chip Select 
Read Strobe 
Write Strobe 


SYNCOUT 
SYNCIN1 


R* 
R* 


20 
41 


Sample Clock Output 
Connect to SYNCOUT 


IRQ 


OB 


57 


Interrupt Request 


SYNCIN2 
SYNCIN3 


R* 
R* 


5 
1 


Connect to SYNCOUT 
Connect to SYNCOUT 


C. V.24 INT 


ERFAGE 


: 1 


RCI 


R* 


42 


RC Junction for POR Time Constant 


DCLK 
RTS 
CTS 
TXD 


00 
IB 
OC 
IB 


19 


Data Clock 
Request-to-Send 
Clear-to-Send 
Transmitter Data Signal 


G. RESERV 


ED 






46 
17 
13 




R* 
R* 
R* 


2 
6 

7 


Do Not Connect 
Do Not Connect 
Do Not Connect 


RXD 


00 


12 


Receiver Data Signal 




R* 


21 


Do Not Connect 


RLSD 


00 


18 


Received Line Signal Detector 




R* 


45 


Do Not Connect 


0. CABLE E 


QUALiZ 


ER: 1 
















*R = Requir 


ed overh 


3ad connect 


on; no connection to host equipment. 










CABLE1 


10 


32 


Cable Select 1 


Unused in 


puts tied 


to +5Vorg 


round require individual 10K Q series 


CABLE2 


10 


33 


Cable Select 2 


resistors. 
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Digital Interlace Characteristics 



Symbol 


Parameter 


Units 


Type 1 


Input 


Output 


Input/Output 


lA 


IB 


10 


OA 


OB 


00 


l/OA 


I/OB 


V,H 


Input Voltage. High 


V 


2.0 min. 


2.0 min. 


2.0 min 








2.0 min. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max. 








0.8 max. 


0.8 max. 


VOH 


Output Voltage. High 


V 








2.4 mln.^ 






2.4 min. 1 


2.4 mln.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.5 


l|N 


Input Current. Leakage 


mA 


±2.5 max. 












±12.5max.4 




•oh 


Output Current. High 


mA 








-0.1 max. 










loL 


Output Current, Low 


mA 








1 .6 max. 


1.6 max. 


1 .6 max. 






II 


Output Current, Leakage 


^ 










±10 max. 








Ipu 


Pull-up Current 
(Short Circuit) 


mA 




-240 max. 
-10 min. 


-240 max. 
-10 min. 






-240 max. 
-10 min. 




-260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 




3. Iload = -40 /tA 








1.1 load = -100 /iA 




4. V,N = 0.4 to 2.4 Vdc, Vcc = 


5.25 Vdc 






2. Iload » 1.6mA 




5. 1 load = 0.36 mA 









Analog Interface Characteristics 

Analog Interface Characteristics 



Name 


Type 


Oharacteristlcs 


TXOUT 

RXIN 
AUXI 


AA 

AB 
AC 


The transmitter output can supply a 
maximum of ± 3.03 volts into a load 
resistance of 10k Q minimum. In order to 
match to 600 0, an external smoothing 
filter with a transfer function of 
15726.43/(S + 11542.44) and 604 Q series 
resistor are required. 

The receiver input impedance is greater 

with a transfer function of 
19533.88/(8 + 11542.44) is required. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, 
any signal above 3600 Hz will cause 
aliasing errors. The input impedance is 
1M i), and the gain to transmitter output 
(TXA)is •i-5.6dB ±1 dB. 


Note: Absolute maximum voltage ratings for analog Inputs are: 
(-5 VA - 0.3) < V,N < ( + 5 VA + 0.3) 





Oharacterlstic 


Symbol 


Min 


Max 


Units 


CS, RSI setup time prior 
to READ or WRITE 


TCS 


30 




ns 


Data Access time after READ 


TDA 


— 


140 


ns 


Data hold time after READ 


TDH 


10 


50 


ns 


CS. RSi hold time after 










READ or WRITE 


TCH 


10 


— 


ns 


Write data setup time 


TWOS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


WRITE strobe pulse width 


TWR 


75 


- 


ns 



TCS-.- 


READ 




WRITE 




TCS-H 


^ 


i \ 

U-TCH TCS- 


,^_ _^ 


U 
kTCH 


RSI W^^ 

(i = ^-'^)7////P\ 




W//M. 




^M 




— 


^TCH TCS— 


. 1/ 


U-TOH 


WRITE 




\ 


r~ 








■* 


-TWR 


READ 1 


' \ 






TDA -* 


— TDH — 


J 


-TWOS 


°' < 




S r 


\ . 


\ 


(i = 0-7) 


? ^ 


U-TWDH 



Microprocessor Interface Timing Waveforms 
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Cable Equalizers 

Modems may be connected by direct wiring, such as leased 
telephony cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1 700 Hz) are attenuated less than the higher 
frequencies (1 700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies c^n be placed in series with the 
analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. 

Cable Equalizer Selection 



CABLE2 CABLE1 


Length of 0.4mm Diameter Cable 





1 
1 





0.0 

1.8 km 
3.6 km 
7.2 km 



Analog Signals 

Three analog signals provide the Interface point for telephone 
company audio circuits and host audio inputs. Signals TXOUT 
and RXIN require buffering and filtering to be suitable for driving 
and receiving the communication channel. Signal AUXI provides 
access to the transmitter for summing host audio signals with 
the modem analog output. 

The filters required for anti-aliasing on the receiver input and 
smoothing on the transmitter output have a single pole located 
at 1 1 ,542 radians. Although this pole is located within the modem 
passband, internal filters compensate for its presence and, 
therefore, the pole location must not be changed. Some varia- 
tion from recommended resistor and capacitor values is per- 
mitted as long as the pole is not moved, overall gain is preserved, 
and the device is not required to drive a load of less than 10k Q. 

Notice that when reference is made to signals TXA, RXA, and 
AUXIN, these signals are not electrically identical to TXOUT, 
RXIN, and AUXI. The schematic of the recommended modem 
interface circuit illustrates the differences. 

Overhead 



Except for the power-on-reset signal PORO, the overhead 
signals are intended for internal use only. The various required 
connections are illustrated in the recommended modem inter- 
face circuit schematic. No ho st conn ections should be made to 
overhead signals other than PORO. 

SOFTWARE CIRCUITS 

The R24BKJ contains 16 memory mapped registers to which an 
external (host) microprocessor has access. The host may read 
data out of or write data into these registers. Refer to the R24BKJ 
Host Processor Interface figure. 



When Information in these registers is being discussed, the for- 
mat Z:Q is used. The register is specified by Z(O-F), and the bit 
by 0(0-7, = LSB). A bit is considered to be "on" when set to 
a one (1) and "off" when reset to a zero (0). 



Status/Control Bits 

The operation of the R24BKJ is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Modem 
operation Is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. 

All status and control bits are defined in the R24BKJ Interface 
Memory Map table. Bits designated by ' — ' are reserved for 
modem use only and must not be changed by the host. 

Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits in a register, the host 
processor must mask out unwanted data. When writing a singles 
bit or group of bits in a register the host processor must perform 
a read-modify-write operation. That is, the entire register is read, 
the necessary bits are set or reset in the accumulator of the host, 
then the original unmodified bits and the modified bits are written 
back into the register of the interface memory. 



Configuration Control 

Five configurations are available in the R24BKJ modem. The 
configuration is selected by writing an 8-bit binary code into the 
configuration field (CONF) of the interface memory. The con- 
figuration field consists of bits 7 through of register D. The 
code for these bits is shown in the following table. All other codes 
represent invalid states. 

Configuration Codes 



CONF 
Code 


— — - 

Configuration 


Scrambler/ 
Descrambler 


04* 


V.26B 


disabled 


44 


V.26A 


disabled 


84 


V.26B 


enabled 


04 


V.26A 


enabled 


00 


Tone 


Not applicable 


* Default value at POR with 220 ms synchronizing sequence. 



When the modem is initialized by power-on-reset, the Configura- 
tion defaults to V.26B with scrambler disabled and 220 ms 
synchronizing signal. When the host wants to change configura- 
tion, the new code is written to the configuration field and the 
SETUP bit (E:3) Is set to a one. Once the new cohfiguration takes 
effect, the SETUP bit is reset to zero by the modem. 

The information in the interface memory is serviced by the 
modem at 1200 times per second. 
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READ 




























n 




READ 
WRITE 
LOGIC 


A 


1 


WRITE 


^/> 


K 


SP 
I/O 
BUS 


1 


/I 


.M.,JS 




SP 
MAIN 
BUS 




< 8 


.> 


<^^- 




8 > 


N 


■~v 


i^ 


D0-D7 








^'Ir 


















— 


REGISTER 

SELECT 

LOGIC 




. 


REGISTER F 


-*— 

• 
• 
• 


C^ 


LOGIC 
UNIT 


(^> 


C^ 


RAM 










REGISTER E 




• 
• 
• 














RS0-RS3 -^ 


• 
• 
• 
























" 




















IRQ 




INTERRUPT 
LOGIC 


INTERFACE MEMORY 
































J 




R24BKJ Host Processor Interface 





R24BKJ Interface Memory Map 






\^^Bit 
Registe^ 


7 


6 


5 


4 


3 


2 


1 





F 


RAMA 


E 


lA 1 CDIE |cDREQ| - 1 SETUP 1 DDIE | - |dDREQ 


D 


CONF 


C 


RTSP 


— |tpdm 


1 


— 


EQFZ 


DEQFZ 


RAMW 


B 


RX 


FED 


GHIT 


— 




_ 


— 


A 


TDET 


— 


— 


— 


— 


— 


— 


— 


9 


— 


— 


_ 


— 


— 


— 


_ 


— 


8 


— 


— 


CDET 


_ 


— 


— 


_ 


_ 


7 


— 


— 


— 


— 


— 


— 


_ 


_ 


6 


— 




— 


— 


— 


— 


— 


— 


5 


RXCD 


4 


TXCD 


3 


DDXM 


2 


DDXL 


1 


DDYM 





DDYL 


7 


7 


6 


5 


4 


3 


2 


1 






Channel Data Transfer 

Data sent to or received from the data channel may be transferred 
between the modem and host processor in either serial or parallel 
form. The receiver operates in both serial and parallel mode 
simultaneously and requires no mode control bit selection. The 
transmitter operates in either serial or parallel mode as selected 
by mode control bit C:5 (TPDM). 



To enable the transmitter parallel mode, TPDM must be set to 
a 1. The modem automatically defaults to the serial mode 
(TPDM = 0) at power-on. In either transmitter serial or parallel 
mode, the R24BKJ is configured by the host processor via the 
microprocessor bus. 

Serial Mode— The serial mode uses a standard V.24 (RS-232-C) 
hardware interface (optional USRT) to transfer channel data. 
Transmitter data can be sent serially only when TPDM is set to 
a zero. 

Parallel Mode— Parallel data is transferred via two registers in 
the interface memory. Register 5 (RXCD) is used for receiver 
channel data, and Register 4 (TXCD) is used for transmitter chan- 
nel data. Register 5 is continuously written every eight bit times 
when in the receive state. Register 4 is used as the source of 
channel transmitter data only when bit C:6 (TPDM) is set to a one 
by the host. O therw ise the transmitter reads data from the V.24 
interface. Both RTS and RTSP remain enabled, however, regard- 
less of the state of TPDM. 

When performing parallel data transfer of channel data, the host 
and modem can synchronize their operations by handshaking bits 
in register E. Bit E:5 (CDREQ) is the channel data request bit. 
This bit is set to a one by the modem when receiver data is 
available in RXCD or when transmitter data is required In TXCD. 
Once the host has finished reading RXCD or writing TXCD, the 
host processor must reset CDREQ by writing a zero to that bit 
location. 

When set to a oneby the host, Bit E:6 (CDIE) enables the CDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) is a one. 

If the host does not respond to the channel data request within 
eight bit times, the RXCD register is over written or the TXCD 
register is sent again. 

Refer to Channel Data Parallel Mode Control flow chart for recom- 
mended software sequence. 
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R24BKJ Interface Memory Definitions 



Mnomonic 


Name 


Memory 
Location 


Description 


CDET 


Carrier Detector 


8:5 


The one state of CDET indicates passband energy is being detected, and a training sequence is not 
present. CDET goes to one at the start of the data state, and returns to zero at the end of the 
received signal. CDET activates one baud time before RLSD and deactivates one baud time after RLSD. 


CDIE 


Channel Data 
Interrupt Enable 


E:6 


When set to a one, CDIE enables an IRQ interrupt to be generated when the channel data 
request bit (CDREQ) is a one. 


CDREQ 


Channel Data 
Request 


E:5 


Parallel data mode handshaking bit. Set to a one when the modem receiver writes data to RXCD, 
or the modem transmitter reads data from TXCD. CDREQ must be reset to zero by the host 
processor when data service is complete. 


CONF 


Configuration 


D:0-7 


The 8-bJt field CONF controls the configuration of the modem according to the following table: 




Hex Code 


Configuration 




04* 
44 
84 
C4 
OC 


V.26B, Bell 201B/C, Scrambler/descrambler disabled 

V.26A, Scrambler/descrambler disabled 

V.26B, Bell 201 B/C, Scrambler/descrambler enabled 

V.26A, Scrambler/descrambler enabled 

Tone 


*Default value at POR with 220 ms turn-on sequence. 


Configuration Definitions 










V.26/Bell 207— The modem operates as specified in CCITT Recommendation V.26 bis Alternate A 
or B, and Bell 201 B/C, at a 2400 bps data rate. 








Tone— The modem sends single or dual frequency tones in response to the RTS or RTSP signals. 
Tone frequencies and amplitudes are controlled by RAM locations written by the host. When not 
transmitting tones the Tone configuration allows detection of single frequency tones by the TDET 
bit. The tone detector frequency can be changed by the host by altering the contents of several 
RAM locations. 


DDE 


Diagnostic Data 
Interrupt Enable 


E:2 


When set to a one, DDIE enables an IRQ interrupt to be generated when the diagnostic data 
request bit (DDREQ) is a one. 


DDREQ 


Request 


E:0 


DDREQ goes to a one when the modem reads from or writes to DDYL. DDREQ goes to a zero 
when the host processor reads from or writes to DDYL. Used for diagnostic data handshaking bit. 


DDXL 


Diagnostic Data 
X Least 


2:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDXM 


Diagnostic Data 
XMost 


3:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDYL 


Diagnostic Data 
Y Least 


0:0-7 


Least significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


DDYM 


Diagnostic Data 
YMost 


1:0-7 


Most significant byte of 16-bit word used in reading XRAM locations or writing XRAM and YRAM 
locations. 


DEQFZ 


Delayed 
Equalizer Freeze 


C:1 


The DEQFZ bit sets the receiver's equalizer in a delayed freeze mode. If DEQFZ = 1, the equalizer 
will be frozen when a programmable baud count expires after carrier detection. The power-on 
default value is 600 ms; a lower number is not recommended since the equalizer adapts slowly 
on data. 


EQFZ 


Equalizer Freeze 


C:2 


When EQFZ is a one, the adaptive equalizer taps stop updating and remain frozen. 


FED 


Fast Energy 
Detector 


B:5.6 


FED consists of a 2-bit field that indicates the level of received signal according to the following 
code. 

Code Energy Level 

None 

1 Invalid 

2 Above Turn-off Threshold 

3 Above Turn-on Threshold 

While receiving a signal, FED normally alternates between Codes 2 and 3. 
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R24BKJ Interace Memory Definitions (continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


GHIT 


Gain Hit 


B:4 


The gain hit bit goes to one when the receiver detects a sudden increase in passband energy 
faster than the AGC circuit can correct. GHIT returns to zero when the AGC output returns to 
normal. 


lA 


Interrupt Active 


E:7 


lA is a one when the modem is driving the interrupt request line (IRQ) to a low TTL level. 


RAMA 


RAM Access 


F:0-7 


The RAMA register is written by the host when reading or writing diagnostic data. The RAMA 
code determines the RAM location with which the diagnostic read or write is performed. 


RAMW 


RAM Write 


C:0 


RAMW IS set to a one by the host processor when performing diagnostic writes to the modem 
RAM. RAMW is set to a zero by the host when reading RAM diagnostic data. 


RTSP 


Request to Send 
Parallel 


C:7 


The one state of RTSP begins a transmit sequence. The modem continues to transmit until RTSP 
is turned off and the turn-off sequence has been completed. RTSP parallels the operation of the 
hardware RTS control input. These inputs are ORed by the modem. 


RXCD 


Receiver 
Channel Data 


5:0-7 


RXCD is written to by the modem every eight bit times. This byte of channel data can be read by 
the host when the receiver sets the channel data request bit (CDREQ). 


RX 


Receive State 


B:7 


RX IS a one when the modem is in the receive state (i.e., not transmitting). 


SETUP 


Setup 


E:3 


The host processor must set the SETUP bit to a one when reconfiguring the modem, i.e., when 
changing CONF (DO-7). 


TDET 


Tone Detected 


A-7 


The one state of TDET indicates reception of a tone. The filter can be retuned by means of the 
diagnostic write routine. 


TPDM 


Transmitter 
Parallel Data 
Mode 


C:5 


When control bit TPDM is a one, the transmitter accepts data for transmission from the TXCD 
register rather than the senal hardware data input. 


TXCD 


Transmitter 
Channel Data 


4:0-7 


The host processor conveys output data to the transmitter in parallel data mode by writing a data 
byte to the TXCD register when the channel data request bit (CDREQ) goes to a one. Data is 
transmitted as single bits in V21 or as dibits in V.27 starting with bit or dibit 0,1. 




Diagnostic Data Transfer 

The modem contains 128 words of random access memory 
(RAM). Each word is 32-bits wide. Because the modem is 
optimized for performing complex arithmetic, the RAM words 
are frequently used for storing complex numbers. Therefore, 
each word is organized into a real part (16 bits) and an imaginary 
part (16-bits) that can be accessed independently. The portion 
of the word that normally holds the real value is referred to as 
XRAM. The portion that normally holds the imaginary value is 
referred to as VRAM. The entire contents of XRAM and VRAM 
may be read by the host processor via the microprocessor 
Interface. 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. The RAM address 
to be read from or written to is determined by the contents of 
register F (RAMA). The R24BKJ RAM Access Codes table lists 
27 access codes for storage in register F and the corresponding 
diagnostic functions. The R24BKJ Diagnostic Data Scaling table 
provides scaling information for these diagnostic functions. Each 
RAM word transferred to the interface memory is 32 bits long. 



These bits are written into interface memory registers 3, 2, 1 
and in that order. Registers 3 and 2 contain the most and least 
significant bytes of XRAM data, respectively, while registers 1 
and contain the most and least significant bytes of VRAM data 
respectively. 

When set to a one, bit C:0 (RAMW) causes the modem to 
suspend transfer of RAM data to the interface memory, and 
instead, to transfer data from interface memory to RAM. When 
writing into the RAM, only 16 bits are transferred, not 32 bits 
as for a read operation. The 16 bits written in XRAM or VRAM 
come from registers 1 and 0, with register 1 being the more 
significant byte. Selection of XRAM or VRAM for the destination 
is by means of the code stored in the RAMA bits of register F. 
When bit F:7 is set to one, the XRAM is selected. When F:7 
equals zero, VRAM is selected. 

When the host processor reads or writes register 0, the 
diagnostic data request bit E:0 (DDREQ) is reset to zero. When 
the modem reads or writes register 0, DDREQ is set to a one. 
When set to a oneby the host, bit E:2 (DDIE) enables the DDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line Is 
driven to a TTL low level by the modem, bit E:7 (lA) goes to a one. 



3-27 



R24BKJ 



2400 bps V.26 bis, Bell 201B/C Modem 




— CDREQ 




EXIT 



) 



( ERROR j 




0-* CDREQ 




Channel Data Parallel Mode Control 
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R24BKJ RAM Access Codes 




Node 


Function 


RAMA 


Reg. No. 


1 


AGO Gain Word 


B1 


2.3 


2 


Average Power 


F2 


2.3 


3 


Receiver Sensitivity 


F1 


2.3 


4 


Receiver Hysteresis 


84 


2.3 


5 


Equalizer Input 


5B 


0.1,2,3 


6 


Equalizer Tap Coefficients 


1B-2A 


0,1,2,3 


7 


Unrotated Equalizer Output 


6B 


0.1,2,3 


8 


Rotated Equalizer Output 


OA 


0.1,2,3 


9 


Decision Points 


6C 


0.1.2.3 


10 


Error Vector 


6D 


0,1,2,3 


11 


Rotation Angle 


87 


2,3 


12 


Frequency Correction 


8B 


2,3 


13 


EQM 


BO 


2,3 


14 


Alpha (a) 


36 


0,1 


15 


Beta One (/3i) 


37 


0,1 


16 


Beta Two (^2) 


38 


0,1 


17 


Alpha Prime («') 


39 


0.1 


18 


Beta One Prime (iS/) 


3A 


0,1 


19 


Beta Two Prime 0^) 


3B 


0.1 


20 


Alpha Double Prime (a") 


B6 


2.3 


21 


Beta Double Prime (/?") 


B7 


2,3 


22 


Output Level 


43 


0,1 


23 


Tone 1 Frequency 


8E 


2.3 


24 


Tone 1 Level 


44 


0,1 


25 


Tone 2 Frequency 


8F 


2,3 


26 


Tone 2 Level 


45 


0,1 


27 


Checksum 


02 


0.1 


28 


Fixed Synchronizing 
Segment 


91 


2,3 


29 


Open Synchronizing 
Segment 


11 


0,1 



R24BKJ Diagnostic Data Scaling 



R24BKJ Diagnostic Data Scaling 



Node 


Parameter/Scaling 


1 


AGO Gain Word (16-bit unsigned). 

AGO Gain in dB = 50 - [(AGC Gain Word/64) x 0.098] 

Range: (16C0)i6 to (7FFF)i6. For -43 dBm Threshold 


2. 


Average Power (16-bit unsigned) 
Post-AGC Average Power in dBm 

= 10 Log (Average Power Word/2185) 
Typical Value = (0889)i6, corresponding to dBm 
Pre-AGC Power in dBm 

= (Post-AGC Average Power-AGC Gain) 


3 


Receiver Sensitivity (16-bit twos complement) 

On-Number = 655.36 (52.38 + Pqn) 

where: Pqn = Turn-on threshold In dB 

Convert On-Number to hexadecimal and store at access 

code F1 


4 


Off-Number = [65.4 (10A)]2/2 

where: A = (Pqff - Pqn - 0.5)/20 
Pqn = Turn-on threshold in dB 
Pqff = Turn-off threshold in dB 
Convert Off-Number to hexadecimal and store at access 
code 84. 



Node 



5.7-9 



10 



12 



13 



22 



24 

and 

26 



23 

and 

25 



27 



28,29 



Parameter/Scaling 



All base-band signal point nodes (i.e.. Equalizer Input, 
Unrotated Equalizer Output, Rotated Equalizer Output, 
and Decision Points) are 32-bit, complex, twos 
complement numbers. 



Point 


Value (hex) 


X 


Y 


1 
2 
3 
4 
5 
6 
7 
8 


1600 
0000 
EAOO 
E0E4 
EAOO 
0000 
1600 
1F1C 


1600 
1F1C 
1600 
0000 
EAOO 
E0E4 
EAOO 
0000 



• 3 



• 5 



•1 



4.x 



Equalizer Tap Coefficients (32-bit, complex, twos 

complement) 

Complex numbers with X = real part, Y = imaginary part 

X and Y range: 0000 to (FFFF)i6 representing ±full scale 

in hexadecimal twos complement. 



Error Vector (32-bit, complex, twos complement) 

Complex number with X = real part, 

Y = imaginary part. 

X and Y range: (8000)i6 to (7FFF)i6 



Rotation Angle (16-bit. signed, twos complement) 
Rotation Angle in deg. = (Rot. Angle Word/65,536) x 360 



Frequency Correction (16-bit signed twos complement) 
Frequency correction in Hz 

= (Freq. Correction Word/65,536) x Baud Rate 
Range: (FC00)i6 to (400)i6 representing ± 18.75 Hz 



EQM (16-bit. unsigned) 

Filtered squared magnitude of error vector 

Proportionality to BER determined by particular application. 



Filter Tuning Parameters (16-bit unsigned) Alpha, Beta One, 
Beta Two, Alpha Prime, Beta One Prime, Beta Two Prime. 
Alpha Double Prime, and Beta Double Prime are set according 
to instructions in application note 668. Use a sample rate of 
7200 samples per second for all calculations. 



Output Level (16-bit unsigned) 

Output Number = 27573.6 [lOC'^'^o)] 

Po = output power in dBm with series 600 ohm resistor 

into 600 ohm load. 
Convert Output Number to hexadecimal and store at 
access code 43 



Tone 1 and Tone 2 Levels 

Calculate the power of each tone independently by using 
the equation for Output Number given at node 22. 
Convert these numbers to hexadecimal then store at 
access codes 44 and 45. Total power transmitted in tone 
mode is the result of both tone 1 power and tone 2 power. 



Tone 1 and 2 Frequency (16-bit unsigned) 

N = 9.1022 (Frequency in Hz) 

Convert N to hexadecimal then store at access code 8E 

or8F 



Checksum (16-bit unsigned) 

ROM checksum number determined by revision level. 



Fixed and Open Synchronizing Segments (16-bit unsigned) 
Synchronizing Sequence = [Fixed + (Open +1)] baud times 

( ± 1 baud time) 
7FFF^6 - Fixed, Open baud times > 
(baud time = 1/1200 = 0.833 ms) 
Fixed = unscrambled ones 
Open = unscrambled or scrambled ones 
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POWER-ON INITIALIZATION 

When power is applied to the R24BKJ, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this perio d. Approximately 10 ms after 
the low to high tran sition of POR, the modem is ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below approximately 3 Vdc for more than 30 msec, the 
POR cycle is repeated. 



At POR time the modem defaults to the following configuration: 
V.26B, scrambler disabled, serial mode, 221 ms synchronizing 
signal, interrupt disabled, RAM access code OA, transmitter 
output level set for + 5 dBm at TXA, receiver turn-on threshold 
set for -43.5 dBm, receiver turn-off threshold set for -47.0 dBm, 
tone 1 and tone 2 set for Hz and volts output, and tone 
detector parameters zeroed. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or co nfigu ration. A low active pulse of 3 /tsec or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be configured 10 msec after the low active pulse is 
removed from POR. 



PERFORMANCE 

The R24BKJ provides the user with unexcelled high performance. 

TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that illustrated in CCITT 
Recommendation V.56. Bit error rates are measured at a received 
line signal level of - 20 dBm. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R24BKJ can adapt to received 
frequency error of ± 10 Hz with less than 0.2 dB degradation in 
BER performance. 

TYPICAL PHASE JITTER 

The modem exhibits a BER of 10-6 or less with a signal-to-noise 
ratio of 12.5 dB in the presence of 15° peak-to-peak phase jitter 
at 150 Hz or with a signal-to-noise ratio of 15 dB in the presence 
of 30° peak-to-peak phase jitter at 120 Hz (scrambler inserted). 

An example of the BER performance capabilities is given in the 
following diagrams: 
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Typical Bit Error Rate 
(Unconditioned 3002 Line, Level -20 dBm) 
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The BER performance test set-up is show in the following 
diagram: 
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BER Performance Test Set-up 
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APPLICATION 

Recommended Modem Interface Circuit 

The R24BKJ is supplied as a 64-pln QUIP device to be designed 
into original equipment manufacturer (OEM) circuit boards. The 
recommended modem interface circuit and parts list illustrate 
the connections and components required to connect the modem 
to the OEM electronics. 

if the auxiliary analog input (pin 26) is not used, resistors R2 
and'RS can be eliminated and pin 26 must be connected to 
analog ground (pin 24). When the cable equalizer controls 
CABLE1 and CABLE2 are connected to long leads that are 
subject to picking up noise spikes, a 3k 12 series resistor should 
be used on each input (Pins 32 and 33) for isolation. 

Resistors R4 and R9 can be used to trim the transmit level and 
receive threshold to the accuracy required by the OEM 
equipment. For a tolerance of ±1 dB the 1% resistor values 
shown are correct for more than 99.8% of the units. 



Typical Modem Interface Parts List 




Manufacturer's 




Component 


Part Number 


Manufacturer 


C3,C6,C7.C9 


592CX7R104M050B 


Sprague 


C2 


N511BY100JW 


San Fernando/ 
Wescap 


C1 


C114C330J2G5CA 


Kemet 


C11 


SA405C274MAA 


AVX 


Y1 


333R1 4-002 


Uniden 


Z1 


LM1458N 


National 


R5.R6 


CML 1/10 






T86.6Kohm ±1% 


Dale Electronics 


R4 


5MA434.0K ±1% 


Corning Electronics 


R11 


5043CX3R000J 


Mepco Electra 


R10 


5043CX2M700J 


Mepco Electra 


R1 


5043CX47K00J 


Mepco Electra 


R7 


5043CX3K00J 


Mepco Electra 


R2,R3 


5043CX1K00J 


Mepco Electra 


C10 


ECEBEF100 


Panasonic 


C8 


SMC50T1R0M5X12 


United Chem-Con 


C4,C6 


C124C102J5G5CA 


Kemet 


CR1 


IN751D 


I.T.T. 


R9 


CRBy4XF47K5 


R-Ohm 


R8 


ER025QKF2370 


Matsushita Electric 


R14 


Determined by IRQ 
characteristics 





PC Board Layout Considerations 

1. The R24BKJ and all supporting analog circuitry, including 
the data access arrangement if required, should be located 
on the same area of printed circuit board (PCB). 

2. All power traces should be at least 0.1 inch width. 

3. If power source is located more than approximately 5 inches 
from the R24BKJ, a decoupling capacitor of 10 microfarad 
or greater should be placed in parallel with C1 1 near pins 1 1 
and 48. 

4. All circuitry connected to pins 9 and 1 should be kept short 
to prevent stray capacitance from affecting the oscillator. 



5. Pin .22 should be tied directly to pin 24 at the R24BKJ 
package. Pin 24 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

6. An analog ground plane should be supplied beneath all 
analog components. The analog ground plane should 
connect to pin 24 and all analog ground points shown in the 
recommended circuit diagram. 

7. Pins 4, 8, 29, and 48 should tie together at the R24BKJ 
package. Pin 48 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

8. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane should 
connect to pin 48 and all digital ground points shown in the 
recommended circuit diagram plus the crystal-can ground. 

9. The R24BKJ package should be oriented relative to the two 
ground planes so that the end containing pin 1 is toward the 
digital ground plane and the end containing pin 32 is toward 
the analog ground plane. 

10. As a general rule, digital signals should be routed on the 
component side of the PCB while analog signals are routed 
on the solder side. The sides may be reversed to match a 
particular OEM requirement. 

1 1 . Routing of R24BKJ signals should provide maximum 
isolation between noise sources and sensitive inputs. When 
layout requirements necessitate routing these signals 
together, they should be separated by neutral signals. Refer 
to the table of noise characteristics for a list of pins in each 
category. 

Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive 


High 


Low 


Low 


High 


1 


6 


3 


26 


23 


2 


7 


4 


28 


27 


5 


9 


8 


32 


35 


14 


10 


11 


33 


36 


15 


12 


16 




37 


20 


13 


22 






21 


17 


24 






30 


18 


25 






38 


19 


29 






39 


45 


31 






40 


46 


34 






41 


49 


42 






44 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


43 
47 
48 
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J3 
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o 

3 
3 
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a 
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a 



o 



33 PF 
5%, 50V 



10 PF 
5%, 50V 



IK. 



V24 

SERIAL 

INTERFACE 



r R14l 57 

• WK 



MICROPROCESSOR 
PARALLEL 
INTERFACE 



XTLI 
SCLKO 
SCLKIN1 
SCLKIN2 



RTS 
RLSD 
TXD 
DCLK 
RXD 
CTS 



RCVO 
RCVI1 
RCVI2 



READ 
WRITE 



AUXI 
TXOUT 

DAOUT 

DAIN 

ADOUT 

ADIN 

RXIN 

FOUT 

FIN 

-5V 

SYNCOUT 

SYNCIN1 

SYNCIN2 

SYNCIN3 



RCI 

AGND 
DGND1 
DGND2 
DGND3 
DGND4 
DGND5 



NOTES UNLESS OTHERWISE SPECIFIED 

1 RESISTOR VALUES ARE IN OHMS ±5% 1/4W 

2 CAPACITOR VALUES ARE IN MICROFARADS ± 20% 50V 
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PACKAGE DIMENSIONS 



.020 TYP. "= 
(.508 MM) 



1.628 
(41.35 MM) 



'O 



- (17 27 MM) - 



=1 o n 

050 REF f 
(1.27 MM)-" 
TYP 



925 
- (23.495 MM) " 
_ 750 
(19.05 MM) 



.200 
(5.08 MM) 



Dri 



i 1 



t ? 



. .020 REF 
TYP 



_ 1.50 
(3 81 MM) 



64-Pin QUIP 
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R48MFX 
4800 bps MONOFAX^ 



Modem 



INTRODUCTION 

The R48MFX MONOFAX 48 is a synchronous, serial/parallel, 
4800 bps modem in a single 64-pin quad in-line package (QUIP). 
The modem is designed for operation over the public switched 
telephone network with appropriate line terminations, such as 
a data access arrangement, provided externally. 

The R48MFX satisfies the telecommunications requirements 
specified in CCITT Recommendation V.27 ter, T.4 and the binary 
signaling capabilities of Recommendation T.30. 

The R48MFX is optimized for use in compact Group 3 facsimile 
machines. Its small size and low power consumption offer the 
user flexibility in creating a 4800 bps modem customized for 
specific packaging and functional requirements. 



MONOFAX IS a trademark of Rockwell International 



SYNCIN3 


1 


1 


64 


ZZD RSO 


NC 




3 


62 




PORI 


1 


ZZU RS2 


DGND5 




4 
5 


61 
60 


IRS3 


SYNCIN2 


1=3 WRITE 


NC 




6 


59 


ICS 


NC 


C=I 


7 


58 


ZZJ READ 


DGND3 





8 
9 


57 
56 


1 IRQ 


XTLI 


czz: 


ZZD DO 


XTLO 




10 


55 


1 D1 


+ 5VD 


1 — 


11 


54 


ZZJ D2 


RXD 




12 


53 


1D3 


TXD 


1 — 


13 


52 


=D D4 


DAOUT 




14 


51 


^D5 


ADIN 


1 — 


15 


50 


ZZ3 D6 


RCVI2 




16 


49 


ID7 


CTS 


cm 


17 
18 
19 


48 
47 
46 


=Z) DGND2 






DCLK 


I — 


= RTS 


SYNCOUT 




20 






NC 


1 — 


21 


44 


IZZ) SCLKO 


DGND1 




22 


43 


IPORO 


AGCJN 


[=1 


23 


42 


ZZD RCI 


AGND 




24 


41 


1 SYNCIN1 


-5VA 


1 — 


25 


40 


I=D DAIN 


AUXI 




26 


39 


1 ADOUT 


FOUT 


1 — 


27 


38 


Z=! SCLKIN2 


TXOUT 




28 


37 


1 RXIN 


DGN04 


1 — 


29 


36 


=) AOUT 


SCLKIN1 




30 


35 


IFIN 


+ 5VA 


1 — 


31 


34 


=1 RCVI1 


CABLE1 




32 


33 


1 CABLE2 



NC = NO CONNECTION 



R48MFX Pin Assignments 



FEATURES 

• Single 64-Pin QUIP 

• CCITT V.27 ter, T.30, V.21 Channel 2, T.4 

• Group 3 Facsimile Transmission/Reception 

• Half-Duplex (2-Wire) 

• Programmable Dual Tone Generation 

• Programmable Tone Detection 

• Dynamic Range: -43 dBm to dBm 

• Diagnostic Capability 

— Provides Telephone Line Quality Monitoring Statistics 

• Equalization 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

• DTE Interface: Two Alternate Ports 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Low Power Consumption: 1W (Typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 
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TECHNICAL CHARACTERISTICS 

TONE GENERATION 

Under control of the host processor, the R48MFX can gener- 
ate single or dual frequency voice band tones up to 4800 Hz 
with a resolution of 0.15 Hz and an accuracy of 0.01%. The 
transmit level and frequency of each tone is independently 
programmable. 

TONE DETECTION 

Single frequency tones are detected by a programmable filter. 
The presence of energy at the selected frequency is indicated 
by a bit in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 



Configuration 


Parameter 


Specification 
(±0.010/0) 


V.27 


Signaling Rate 
Data Rate 
Signaling Rate 
Data Rate 


1600 Baud 
4800 bps 
1200 Baud 
2400 bps 


V.21 


Signaling Rate 
Data Rate 


300 Baud 
300 bps 



DATA ENCODING 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27. 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 ter. 

At 300 baud, the data stream is 300 bps FSK per CCITT V.21 
channel 2. 

COMPROMISE CABLE EQUALIZERS 

In addition to the adaptive equalizer, the R48MFX provides selec- 
table compromise cable equalizers to optimize performance over 
three different lengths of non-loaded cable of 0.4 mm diameter 
(1.8 km, 3.6 km, and 7.2 km). 

Cable Equalizer Nominal Gain 



Frequency 
(Hz) 


Gain (dB) Relative to 1700 Hz 


1.8 km 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+ 0.15 
+ 1.43 


-2.39 
-0.65 
+ 0.87 
+ 3.06 


-3.93 
-1.22 
+ 1.90 
+ 4.58 



TRANSMITTED DATA SPECTRUM 

When operating at 1600 baud, the transmitter spectrum is 
shaped by a square root of 50% raised cosine filter. 

When operating at 1200 baud, the transmitter spectrum is 
shaped by a square root of 90% raised cosine filter. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically meet the 
requirements of foreign telephone regulatory agencies. 



SCRAMBLER/DESCRAMBLER 

The R48MFX incorporates a self-synchronizing scrambler/ 
descrambler. This facility is In accordance with CCITT V.27 ter. 
The scrambler can be disabled by setting a bit in interface 
memory. 

RECEIVE LEVEL 

The receiver circuit of the R48MFX satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to - 43 dBm. An external input buffer and filter must be sup- 
plied between the receiver analog input (RXA) and the R48MFX 
RXIN pin. The received line signal level is measured at RXA. 

RECEIVE TIMING 

In the receive state, the R48MFX provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the centers of received data bits. 
The timing recovery circuit is capable of tracking a ± 0.01 % fre- 
quency error In the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 

TRANSMIT LEVEL 

The transmitter output level is programmable. An external out- 
put buffer and filter must be supplied between the R48MFX 
TXOUT pin and the transmitter analog output (TXA). The default 
level at TXA is + 5 dBm ± 1 dB. When driving a 600 ohm load 
the TXA output requires a 600 ohm series resistor to provide 
- 1 dBm ± 1 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the R48MFX provides a Data Clock (DCLK) 
output with the following characteristics: 

1. Frequency: Selected data rate of 4800, 2400 or 300 Hz 
(±0.01%). 

2. Duty Cycle: 50% ±1%. 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

Seven turn-on sequences are generated by the R48MFX, as 
defined In the following table: 

Turn-On Sequences^ 



No. 


Bit 
Rate 
(bps) 


RTS On- 

CTS On 

Timei 

(ms) 


Comments 


1 


300 


<14 


No Training Sequence, No Echo Tone 


2 


2400 


943 


Long Train, No Echo Tone 


3 


2400 


1148 


Long Train, with Echo Tone2 


4 


2400 


<10 


Training Disabled 


5 


4800 


708 


Long Train, No Echo Tone 


6 


4800 


913 


Long Train, with Echo Tone^ 


7 


4800 


<10 


Training Disabled 


Notes: 

1 . Assumes the receiver is in idle; if not, add receiver turn-off time. 

2. For use on lines with protection against talker echo. 
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TURN-OFF SEQUENCE 

Five turn-off sequences are generated by the R48MFX: 
Turn-Off Sequences 



response time is 10 ±5 ms. Response ti mes ar e measured with 
a signal at least 3 dB above th e actu al RLSD on threshold or 
at least 5 dB below the actual RLSD off threshold. 



No. 


Bit Rate (bps) 


RTS Off-Energy Off 
Time (ms) 


Silence 
Time (ms) 


1 
2 
3 
4 
5 


300 

2400 serial 
2400 parallel 
4800 serial 
4800 parallel 


<7 

7.5 
7.5-10 

5.4 
5.4-6.7 




20 
20 
20 
20 



CLAMPING 

The following clamps are provided with the R48MFX: 
1 . Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Receiver threshold is programmable over the range dBm to 
-50 dBm, however, performance may be at a reduced level 
when the received signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to RXA. 

POWER 



2. Received Line Signal D etect or (RLSD). RLSD is clamped off 
(squelched) whenever RTS is on. 

RESPONSE TIMES OF CLEARTO-SEND (CfS) 

The time betwe en th e off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the bit rate, the length of the 
training sequence, and the presence of th e ech o tone. The Turn- 
On Sequences table on page 2 lists the CTS response times. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



Voltage Tolerance Current (Max) @ 25°C Current (Max) @ 60°C 



t-5 Vdc 
-5 Vdc 



±5% 
±5% 



250 mA ( 
25 mA ( 



5.0 Vdc 
-5.0 Vdc 



225 mA ( 
25 mA ( 



5.0 Vdc 
-5.0 Vdc 



Note: All voltages must have ripple <0.1 volts peak-to-peak. If 
a switching supply is chosen, user may select any frequency 
between 20 kHz and 150 kHz so long as no component of the 
switching frequency is present outside of the power supply with 
an amplitude greater than 500 microvolts peak. 




RECEIVED LINE SIGNAL DETECTOR (RLSD) 

RLSD turns on at the end of the trainin g sequence. If training 
is not detected at the receiver, the RLSD off-to-o n respo nse time 
is 801 bauds (V.27) or <10 ms (300 bps). The RLSD on-to-off 



ENVIRONMENTAL 


Parameter 


Specification 


Temperature 




Operating 


0°C to +60°C (32°F to 140°F) 


Storage 


-40°C to +80°C (-40°F to 176°F) (Stored 




in suitable antistatic container). 


Relative Humidity 


Up to 90% noncondensing, or a wet bulb 




temperature up to SS^C, whichever is less 
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INTERFACE CHARACTERISTICS 

The nnodem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins on the 
64-pin QUIP. Software circuits are assigned to specific bits in 
a 16-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the R48MFX Hard- 
ware Circuits table; the table column titled Type' refers to 
designations found in the Digital and Analog Interface Charac- 
teristics tables. 

Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3). data 
(D0-D7), control (CS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 



gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 

V.24 Interface 

Seven hardware circuits provide timing, data and control signals 
for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (0, +5 volt). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), ail V.24 
pins may remain unterminated. 



R48MFX Hardware Circuits 



Name 


Type 


Pin No. [ Description 1 


Name 


Type 


Pin No. 


Description 1 


A. POWER: 1 


E. ANALOG SIGNALS: 


AGND 

DGND1 

DGND2 

DGND3 

DGND4 

DGND5 

+ 5 VA 

+ 5VD 

-5VA 


GND 
GND 
GND 
GND 
GND 
GND 
PWR 
PWR 
PWR 


24 
22 
48 

8 
29 

4 
31 
11 
25 


Connect to Analog Ground 
Connect to AGND Ground 
Connect to Digital Ground 
Connect to Digital Ground 
Connect to Digital Ground 
Connect to Digital Ground 
Connect to Analog + 5V Power 
Connect to Digital + 5V Power 
Connect to Analog - 5V Power 


TXOUT 

RXIN 

AUXI 


AA 
AB 
AC 


28 
37 
26 


Connect to Output Op Amp 
Connect to Input Op Amp 
Auxiliary Analog Input 


F. OVERHEAD 


PORO 

PORi 

XTLO 

XTLI 

RCVO 

RCVI1 

RCVI2 

SCLKO 

SCLKIN1 

SCLKIN2 

AOUT 

AGCIN 

DAOUT 

DAIN 

ADOUT 

ADIN 

FOUT 

FIN 

SYNCOUT 

SYNCIN1 

SYNCIN2 

SYNCIN3 

RCI 


I/OB 
I/OB 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 
R* 


43 
3 
10 
9 
47 
34 
16 
44 
30 
38 
36 
23 
14 
40 
39 
15 
27 
35 
20 
41 
5 
1 
42 


Power-On-Reset Output 
Power-On-Reset Input 
Connect to Crystal Circuit 
Connect to Crystal Circuit 
Receive Mode Output 
Connect to RCVO 
Connect to RCVO 
Switched Capacitor Clock Output 
Connect to SCLKO 
Connect to SCLKO 
Smoothing Filter Output 
AGO Input 
DAC/AGC Data Out 
Connect to DAOUT 
ADC Output 
Connect to ADOUT 
Smoothing Filter Output 
Connect to FOUT 
Sample Clock Output 
Connect to SYNCOUT 
Connect to SYNCOUT 
Connect to SYNCOUT 
RC Junction for POR Time 
Constant 


B. MICROPF 


ACCESS 


OR INTERFACE: | 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 

RS3 
RS2 
RS1 
RSO 

CS 
READ 
WRITE 
IRQ 


l/OA 
i/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 

lA 
lA 
lA 
lA 

lA 
lA 
lA 
OB 


49 " 

50 

51 

52 

53 

54 

55 

56 . 

61 ' 
62 
63 
64 ^ 

59 
58 
60 
57 




Data Bus (8 Bits) 

Register Select (4 Bits) 
Select Reg. 0-F 

Chip Select 
Read Strobe 
Write Strobe 
Interrupt Request 


C. V.24 INTERFACE: | 


DCLK 

RTS 

CTS 

TXD 

RXD 

RLSD 


OC 
IB 
OC 
IB 
OC 
OC 


19 
46 
17 
13 
12 
18 


Data Clock 
Request-to-Send 
C!ear-to-Send 
Transmitter Data Signal 
Receiver Data Signal 
Received Line Signal Detector 


G. RESERVED 




R* 
R* 
R* 
R* 
R* 


2 

6 

7 

21 

45 


Do Not Connect 
Do Not Connect 
Do Not Connect 
Do Not Connect 
Do Not Connect 


D. CABLE E 


QUALIZER: | 


CABLE1 
CABLE2 


IC 
IC 


32 
33 


Cable Select 1 
Cable Select 2 


*R = Requir 

Unused inp 
resistors 


ed overh 
uts tied tc 


2ad connect 
) +5Vorgrc 


on; no connection to host equipment. 
)und require individual 10K Q senes 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Type 


Input 


Output 


Input/Output 


lA 


IB 


10 


OA 


OB 


00 


l/OA 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 min. 


2.0 min. 


2.0 min 








2.0 min. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max. 








0.8 max. 


0.8 max. 


VOH 


Output Voltage, High 


V 








2.4 min.i 






2.4 min. 1 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.5 


'in 


Input Current, Leakage 


^A 


±2.5 max. 












±12.5max.4 




'oh 


Output Current, High 


mA 








-0.1 max. 










'OL 


Output Current, Low 


mA 








1 .6 max. 


1 .6 max. 


1.6 max. 






'l 


Output Current, Leakage 


mA 










±10 max. 








'pu 


Pull-up Current 
(Short Circuit) 


/^A 




- 240 max. 
-10 min. 


- 240 max. 
-10 mm. 






- 240 max. 
-10 min. 




-260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Dram 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 




3. 1 load = -40 /iA 








1. 1 load = -100^ 




4. V,N = 0.4 to 2.4 Vdc, Vqc = 


5 25 Vdc 






2. 1 load = 1.6 mA 




5. 1 load = 36 mA 









Analog interface Characteristics 

Analog Interface Characteristics 



Name 


Type 


Oharacteristics 


TXOUT 

RXiN 
AUXI 


AA 

AB 
AC 


The transmitter output can supply a 
maximum of ±3.03 volts into a load 
resistance of 10k Q minimum. In order to 
match to 600 Q, an external smoothing 
filter with a transfer function of 
15726.43/(S + 11542.44) and 604 Q series 
resistor are required. 

The receiver input impedance is greater 
than 1M n. An external antialiasing filter 
with a transfer function of 
19533.88/(S + 11542.44) is required. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, any 
signal above 4800 Hz will cause aliasing 
errors. The input impedance is 1M Q, and 
the gain to transmitter output (TXA) is 
-i-5.6dB ±1 dB. 


Note: Absolute maximum voltage ratings for analog inputs are: ( - 5 
VA - 0.3) < V,N < ( + 5 VA + 0.3) 



IMicroprocessor Interface Timing Requirements 


Oharacterlstic 


Symbol 


Min 


Max 


Units 


CS, RSI setup time prior 










to READ or WRITE 


TCS 


30 


— 


ns 


Data Access time after READ 


TDA 


— 


140 


ns 


Data hold time after READ 


TDH 


10 


50 


ns 


CS, RSi hold time after 










READ or WRITE 


TCH 


10 


— 


ns 


Write data setup time 


TWOS 


75 


— 


ns 


Write data hold time 


TWDH 
TWR 


10 
75 


— 


ns 
ns 


WRITE strobe pulse width 



TCS — 



CS 



WRITE 



TOS - 



READ 



^^. 




* TCH TOS * 



^J 



-^ TDH -* 



-."^3 — G>- 



-TON 



^ TOM 



-.^- TWOS 



TWDH 



Microprocessor interface Timing Waveforms 
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Cable Equalizers 

Modems may be connected by direct wiring, such as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1 700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies can be placed in series with the 
analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. 

Cable Equalizer Selection 



CABLE2 


CABLE1 


Length of 0.4mm Diameter Cable 





1 
1 



1 


1 


00 
1 8 km 
3 6 km 
7 2 km 



Analog Signals 

Three analog signals provide the interface point for telephone 
company audio circuits and host audio inputs. Signals TXOUT 
and RXIN require buffering and filtering to be suitable for driving 
and receiving the communication channel. Signal AUXI provides 
access to the transmitter for summing host audio signals with 
the modem analog output. 

The filters required for anti-aliasing on the receiver input and 
smoothing on the transmitter output have a single pole located 
at 1 1 ,542 radians. Although this pole is located within the modem 
passband, internal filters compensate for its presence and, 
therefore, the pole location must not be changed. Some varia- 
tion from recommended resistor and capacitor values is per- 
mitted as long as the pole is not moved, overall gain is preserved, 
and the device is not required to drive a load of less than 10k fi. 

Notice that when reference is made to signals TXA, RXA, and 
AUXIN, these signals are not electrically identical to TXOUT, 
RXIN, and AUXI. The schematic of the recommended modem 
interface circuit illustrates the differences. 

Overhead 

Except for the power-on-reset signal PORO, the overhead 
signals are intended for internal use only. The vanous required 
connections are illustrated in the recommended modem inter- 
face circuit schematic. No ho st conn ections should be made to 
overhead signals other than PORO. 

SOFTWARE CIRCUITS 

The R48MFX contains 16 memory mapped registers to which 
an external (host) microprocessor has access. The host may read 



data out of or write data into these registers. Refer to the R48MFX 
Host Processor Interface figure. 

When information in these registers is being discussed, the for- 
mat Z:Q is used. The register is specified by Z(O-F), and the bit 
by Q(0-7, = LSB). A bit is considered to be "on" when set to 
a one (1) and "off" when reset to a zero (0). 

Status/Control Bits 

The operation of the R48MFX is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. 

All status and control bits are defined in the R48MFX Interface 
Memory Map table. Bits designated by ' — ' are reserved for 
modem use only and must not be changed by the host. 

Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits in a register, the host 
processor must mask out unwanted data. When writing a single 
bit or group of bits in a register the host processor must perform 
a read-mod if y-write operation. That is, the entire register is read, 
the necessary bits are set or reset in the accumulator of the host, 
then the original unmodified bits and the modified bits are written 
back into the register of the interface memory. 

Configuration Control 

Four configurations are available in the R48MFX modem: V.27 
4800/2400 bps long tram, V.21 , and Tone. The configuration is 
selected by writing an 8-bit binary code into the configuration 
field (CONF) of the interface memory. The configuration field 
consists of bits 7 through of register D. The code for these 
bits IS shown in the following table. All other codes represent 
invalid states. 



Configuration Codes 


CONF Code 


Configuration 


00 
04 
06* 
08 


V.21 

V 27, 2400 Long Tram 

V 27, 4800 Long Tram 
Tone Mode 


* Default value at POP 



When the modem is initialized by power-on-reset, the configura- 
tion defaults to V.27 4800 bps. When the host wants to change 
configuration, the new code is written to the configuration field 
and the SETUP bit (E:3) is set to a one. Once the new configura- 
tion takes effect, the SETUP bit is reset to zero by the modem. 

The information in the interface memory is serviced by the 
modem at the baud rate (V.27 and V.21), 9600 times per second 
(tone generator), or 1600 times per second (tone detector). 
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R48MFX Host Processor Interface 





R48MFX Interface Memory Map 






\^BIt 
Registe^ 


7 


6 


5 


4 


3 


2 


1 





F 


RAMA 


E 


lA CDIE CDREqI - 1 SETUP 1 DDE | - |dDREQ 


D 


CONF 


C 


RTSP 


EFT |tPDM 


TDIS 


EQSV 


EQFZ 


GDIS 


RAMW 


B 


RX 


FED 


GHIT 


— 


_ 


— 


— 


A 


TDET 


— 


— 


— 


— 


— 


— 


— 


9 


— 


_ 


— 


— 


— 


— 


— 


— 


8 


— 


— 


CDET 


— 


PN 


— 


— 


— 


7 


— 


— 


— 


— 


— 


— 


— 


— 


6 


— 


— 


— 


_ 


— 


— 


— 


— 


5 


RXCD 


4 


TXCD 


3 


DDXM 


2 


DDXL 


1 


DDYM 





DDYL 


Register 


7 


6 


5 


4 


3 


2 


1 






Channel Data Transfer 

Data sent to or received from the data channel may be transferred 
between the modem and host processor in either serial or parallel 
form. The receiver operates in both serial and parallel mode 
simultaneously and requires no mode control bit selection. The 
transmitter operates in either serial or parallel mode as selected 
by mode control bit C:5 (TPDM). 



To enable the transmitter parallel mode, TPDM must be set to 
a 1. The modem automatically defaults to the serial mode 
(TPDM = 0) at power-on. In either transmitter serial or paraliel 
mode, the R48MFX is configured by the host processor via the 
microprocessor bus. 

Serial Mode— The serial mode uses a standard V.24 (RS-232-C) 
hardware interface (optional USRT) to transfer channel data. 
Transmitter data can be sent serially only when TPDM is set to 
a zero. 

Parallel Mode— Parallel data is transferred via two registers in 
the interface memory. Register 5 (RXCD) is used for receiver 
channel data, and Register 4 (TXCD) is used for transmitter chan- 
nel data. Register 5 is continuously written every eight bit times 
when in the receive state. Register 4 is used as the source of 
channel transmitter data only when bit C:5 (TPDM) Is set to a one 
by the host. Otherwise the transmitter reads data from the V.24 
interface. Both RTS and RTSP remain enabled, however, regard- 
less of the state of TPDM. 

When performing parallel data transfer of channel data, the host 
and modem can synchronize their operations by handshaking bits 
in register E. Bit E:5 (CDREQ) is the channel data request bit. 
This bit is set to a one by the modem when receiver data Is 
available in RXCD or when transmitter data is required in TXCD. 
Once the host has finished reading RXCD or writing TXCD, the 
host processor must reset CDREQ by writing a zero to that bit 
location. 

When set to a oneby the host, Bit E:6 (CDIE) enables the CDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) is a one. 

If the host does not respond to the channel data request within 
eight bit times, the RXCD register is over written or the TXCD 
register is sent again. 

Refer to Channel Data Parallel Mode Control flow chart for recom- 
mended software sequence. 
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R48MFX Interface Memory Definitions 



Mnemonic 


Name 


Memory 
Location 


Description 


CDET 


Carrier Detector 


8:5 


The one state of CDET indicates passband energy is being detected, and a training sequence is 
not present. CDET goes to one at the start of the data state, and returns to zero at the end of the 
received signal. CDET activates one baud time before RLSD and deactivates one baud time after 
RLSD. 


CDIE 


Channel Data 
Interrupt Enable 


E:6 


When set to a one, CDIE enables an IRQ interrupt to be generated when the channel data 
request bit (CDREQ) is a one. 


CDREQ 


Channel Data 
Request 


E:5 


Parallel data mode handshaking bit. Set to a one when the modem receiver writes data to RXCD, 
or the modem transmitter reads data from TXCD. CDREQ must be reset to zero by the host 
processor when data service is complete. 


CONF 


Configuration 


D:0-7 


The 8-bit field CONF controls the configuration of the modem according to the following table: 

Hex Code Configuration 

00 V.21 
04 V.27, 2400 Long Tram 
06 V.27, 4800 Long Train (Default) 
08 Tone 
All else Invalid 

Configuration Definitions 

V.21~The modem operates as a CCITT T.30 compatible 300 bps FSK modem having 
characteristics of the CCITT V.21 Channel 2 modulation system. 

Tone— The modem sends single or dual frequency tones in response to the RTS or RTSP signals. 
Tone frequencies and amplitudes are controlled by RAM locations written by the host. When not 
transmitting tones the Tone configuration allows detection of single frequency tones by the TDET 
bit. The tone detector frequency can be changed by the host by altering the contents of several 
RAM locations. 

\^27— The modem is compatible with CCITT Recommendation V.27 ter. 


DDIE 


Diagnostic Data 
Interrupt Enable 


E:2 


When set to a one, DDIE enables an IRQ interrupt to be generated when the diagnostic data 
request bit (DDREQ) is a one. 


DDREQ 


Diagnostic Data 
Request 


E:0 


DDREQ goes to a one when the modem reads from or writes to DDYL. DDREQ goes to a zero 
when the host processor reads from or writes to DDYL. Used for diagnostic data handshaking bit. 


DDXL 


Diagnostic Data 
X Least 


2:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDXM 


Diagnostic Data 
XMost 


3:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDYL 


Diagnostic Data 
Y Least 


0:0-7 


Least significant byte of 16-bit word used in reading YRAM locations or writing )<RAM and YRAM 
locations. 


DDYM 


Diagnostic Data 
YMost 


1:0-7 


Most significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


EPT 


Echo Protector 
Tone 


C:6 


When EPT is a one, an unmodulated carrier is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. EPT is not active if TDIS is on. 


EQFZ 


Equalizer Freeze 


C:2 


When EQFZ is a one, the adaptive equalizer taps stop updating and remain frozen. 


EQSV 


Equalizer Save 


C:3 


When EQSV is a one, the adaptive equalizer taps are not zeroed when reconfiguring the modem 
or when entering the training state. Adaptive equalizer taps are also not updated during training. 


FED 


Fast Energy 
Detector 


B:5,6 


FED consists of a 2-bit field that indicates the level of received signal according to the following 

code. 

Code Energy Level 

None 

1 Invalid 

2 Above Turn-off Threshold 

3 Above Turn-on Threshold 

While receiving a signal, FED normally alternates between Codes 2 and 3. 
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R48MFX Interace Memory Definitions (continued) 



IMnemonic 


Name 


Memory 
location 


Description 


GHIT 


Gain Hit 


B:4 


The gain hit bit goes to one when the receiver detects a sudden increase in passband energy 
faster than the AGC circuit can correct. GHIT returns to zero when the AGC output returns to 
normal. 


lA 


Interrupt Active 


E:7 


lA is a one when the modem is driving the interrupt request line (IRQ) to a low TTL level. 


PN 


Period N 


8:3 


PN sets to a one at the start of the received PN sequence. PN resets to zero at the start of the 
received scrambled ones. PN does not operate when TDIS is set to a one. 


RAMA 


RAM Access 


F:0-7 


The RAMA register is written by the host when reading or writing diagnostic data. The RAMA 
code determines the RAM location with which the diagnostic read or write is performed. 


RAMW 


RAM Write 


C:0 


RAMW is set to a one by the host processor when performing diagnostic writes to the modem 
RAM. RAMW is set to a zero by the host when reading RAM diagnostic data. 


RTSP 


Request to Send 
Parallel 


C:7 


The one state of RTSP begins a transmit sequence. The modem continues to transmit until RTSP 
is turned off and the turn-off sequence has been completed. RTSP parallels the operation of the 
hardware RTS control input. These inputs are ORed by the modem. 


RXCD 


Receiver Channel 
Data 


5:0-7 


RXCD is written to by the modem every eight bit times. This byte of channel data can be read by 
the host when the receiver sets the channel data request bit (CDREQ). 


RX 


Receive State 


B:7 


RX is a one when the modem is in the receive state (i.e., not transmitting). 


SDIS 


Scrambler Disable 


C:1 


When SDIS is a one, the scrambler/descrambler is disabled. When SDIS is a zero, the 
scrambler/descrambler is enabled (default). 


SETUP 


Setup 


E:3 


The host processor must set the SETUP bit to a one when reconfiguring the modem, i.e., when 
changing CONF (D:0-7). 


TDET 


Tone Detected 


A:7 


The one state of TDET Indicates reception of a tone. The filter can be retuned by means of the 
diagnostic write routine. 


TDIS 


Training Disable 


C:4 


If TDIS is a one in the receive state, the modem is prevented from entering the training phase. If 
TDIS is a one when RTS or RTSP go active, the generation of a training sequence is prevented at 
the start of transmission. 


TPDM 


Transmitter Parallel 
Data Mode 


C:5 


When control bit TPDM is a one, the transmitter accepts data for transmission from the TXCD 
register rather than the serial hardware data input. 


TXCD 


Transmitter 
Channel Data 


4:0-7 


The host processor conveys output data to the transmitter in parallel data mode by writing a data 
byte to the TXCD register when the channel data request bit (CDREQ) goes to a one. Data is 
transmitted as single bits in V.21 or as dibits in V.27 starting with bit or dibit 0,1. 




Diagnostic Data Transfer 

The modenfi contains 128 words of random access memory 
(RAM). Each word Is 32-bits wide. Because the modem Is 
optimized for performing complex arithmetic, the RAM words 
are frequently used for storing complex numbers. Therefore, 
each word is organized into a real part (16 bits) and an imaginary 
part (16-bits) that can be accessed independently. The portion 
of the word that normally holds the real value is referred to as 
XRAM. The portion that normally holds the imaginary value Is 
referred to as VRAM. The entire contents of XRAM and VRAM 
may be read by the host processor via the microprocessor 
interface. 

The Interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. The RAM address to 
be read from or written to is determined by the contents of 
register F (RAMA). The R48MFX RAM Access Codes table lists 
27 access codes for storage in register F and the corresponding 
diagnostic functions. The R48MFX Diagnostic Data Scaling table 
provides scaling information for these diagnostic functions. Each 
RAM word transferred to the interface memory is 32 bits long. 



These bits are written into interface memory registers 3, 2, 1 
and in that order. Registers 3 and 2 contain the most and least 
significant bytes of XRAM data, respectively, while registers 1 
and contain the most and least significant bytes of YRAM data 
respectively. 

When set to a one, bit C:0 (RAMW) causes the modem to sus- 
pend transfer of RAM data to the interface memory, and instead, 
to transfer data from interface memory to RAM. When writing 
into the RAM, only 16 bits are transferred, not 32 bits as for a 
read operation. The 1 6 bits written in XRAM or YRAM come from 
registers 1 and 0, with register 1 being the more significant byte. 
Selection of XRAM or YRAM for the destination is by means of 
the code stored in the RAMA bits of register F. When bit F:7 
is set to one, the XRAM is selected. When F:7 equals zero, 
YRAM is selected. 

When the host processor reads or writes register 0, the 
diagnostic data request bit E:0 (DDREQ) is reset to zero. When 
the modem reads or writes register 0, DDREQ Is set to a one. 
When set to a oneby the host, bit E:2 (DDIE) enables the DDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) goes to a one. 
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DATA - TXCD 



— CDREQ 




1 -* RTS 



CjED 



( ERROR j 




— CDREQ 




Channel Data Parallel Mode Control 
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R48MFX RAM Access Codes 




Node 


Function 


RAMA 


Reg. No. 


1 


AQC Gain Word 


87 


2.3 


2 


Average Power 


91 


2,3 


3 


Receiver Sensitivity 


47 


0.1 


4 


Receiver Hysteresis 


84 


2.3 


5 


Equalizer Input 


63 


0.1.2,3 


6 


Equalizer Tap Coefficients 


23-32 


0,1.2,3 


7 


Unrotated Equalizer Output 


73 


0,1,2,3 


8 


Rotated Equalizer Output 


OA 


0,1.2.3 


9 


Decision Points 


74 


0,1,2.3 


10 


Error Vector 


75 


0.1.2.3 


11 


Rotation Angle 


B3 


2,3 


12 


Frequency Correction 


8B 


2,3 


13 


EQM 


89 


2,3 


14 


Alpha (a) 


38 


0,1 


15 


Beta One (0^) 


39 


0,1 


16 


Beta IWo (/Sg) 


3A 


0,1 


17 


Alpha Prime (a') 


3B 


0,1 


18 


Beta One Prime {0^') 


3C 


0,1 


19 


Beta Two Prime (/Sg') 


3D 


0,1 


20 


Alpha Double Prime («") 


B8 


2,3 


21 


Beta Double Prime 03") 


B9 


2,3 


22 


Output Level 


43 


0,1 


23 


Tone 1 Frequency 


8E 


2,3 


24 


Tone 1 Level 


44 


0,1 


25 


Tone 2 Frequency 


8F 


2.3 


26 


Tone 2 Level 


45 


0,1 


27 


Checksum 


02 


0,1 



R48MFX Diagnostic Data Scaling (Cont'd) 



R48IMFX Diagnostic Data Scaling 



Node 




1 


AGO Gain Word (16-bit unsigned). 

AGO Gain in dB « 50 - [(AGC Gain Word/64) x 0.098] 

Range: (16C0)i6 to (/»-l-l-)i6. For -43 dBm Threshold 


2. 


Post-AGC Average Power in dBm 

» 10 Log (Average Power Word/2185) 
Typical Value = (0889)i6. corresponding to dBm 

Pre-AGC Power in dBm 

= (Post-AGC Average Power-AGC Gain) 


3 


On-Number «65&36 (52.38 +Pon) 

where: Pqn = Turn-on threshold in dB 

Convert On-Number to hexadecimal and store at access 

code 47 


4 


Off-Number « [65.4 {\0^)fl2 

where: A = (Pqff - Pon - 0S)/20 

Pqn = Turn-on threshold in dB 

Pqff = Turn-off threshold In dB 
Convert Off-Number to hexadecimal and store at access 
code 84. 



Node 



5.7-9 



10 



12 



14-21 



22 



24 

and 

26 



23 

and 

25 



27 



Patameter/Scaiing 



Ail base-band signal point nodes (i.e., Equalizer Input, 
Unrotated Equalizer Output. Rotated Equalizer Output, and 
Decision Points) are 32-bit, complex, twos complement 
numbers. 



Point 


Value (Hex) 


X 


Y 


1 


1D00 


OCOO 


2 


OCOO 


1D00 


3 


F400 


1D00 


4 


E300 


OCOO 


5 


E300 


F400 


6 


F400 


E300 


7 


OCOO 


E300 


8 


1D00 


F400 





• 3 


• 2 


• 4 




• 1 


•5 




• 8 




• 6 


•7 



Equalizer Tap Coefficients (32-bit, complex, twos 

complement) 

Complex numbers with X = real part, Y = imaginary part 

X and Y range: 0000 to (FFFF)^e representing ±full scale 

in hexadecimal twos complement. 



Error Vsctor (32-bit, complex, twos complement) 

Complex number with X = real part, 

Y s imaginary part. 

X and Y range: (8000)i6 to (7FFF)i6 



Rotation Angle (16-bit, signed, twos complement) 
Rotation Angle in deg. = (Rot. Angle Word/65,536) x 360 



Frequency Correction (16-bit signed twos complement) 
Frequency correction in Hz 

- (Freq. Correction Word/65,536) x Baud Rate 

Range: (FC00)i6 to (400)^6 representing ± 18.75 Hz 



EQM (16-bit, unsigned) 

Filtered squared magnitude of error vector. 

Proportionality to BER determined by particular application. 



Filter Tuning Parameters (16-bit unsigned) Alpha, Beta One, 
Beta Two, Alpha Prime, Beta One Prime, Beta Two Prime, 
Alpha Double Prime, and Beta Double Prime are set according 
to instructions in application note 668. _^ 



Output Level (16-bit unsigned) 

Output Number = 27573.6 [lO^^^^o)! 

Po = output power in dBm with series 600 ohm resistor 

into 600 ohm load. 
Convert Output Number to hexadecimal and store at 
access code 43 



Tone 1 and Tone 2 Levels 

Calculate the power of each tone independently by using 
the equation for Output Number given at node 22. Convert 
these numbers to hexadecimal then store at access codes 
44 and 45. Total power transmitted in tone mode is the 
result of both tone 1 power and tone 2 power. 



Tone 1 and 2 Frequency (16-bit unsigned) 

N = 6.8267 (Frequency in Hz) 

Convert N to hexadecimal then store at access code 8E 

or8F. 



Checlcsum (16-bit unsigned) 

ROM checksum number determined by revision level. 
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POWER-ON INITIALIZATION 

When power is applied to the R48I\/IFX, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this perio d. Approximately 10 ms after 
the low to high tran sition of POR, the modem is ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below approximately 3 Vdc for more than 30 msec, the 
POR cycle is repeated. 

At POR time the modem defaults to the following configuration: 
V.27/4800 bps, serial mode, training enabled, echo protector 
tone enabled, interrupts disabled, RAM access code OA, 
transmitter output level set for +5 dBm at TXA, receiver turn- 
on threshold set for -43.5 dBm, receiver turn-off threshold set 
for -47,0 dBm, tone 1 and tone 2 set for Hz and volts output, 
and tone detector parameters zeroed. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or co nfigu ration. A low active pulse of 3 fisec or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be config ured 10 msec after the low active pulse is 
removed from POR. 

PERFORMANCE 

Whether functioning as a V.27 ter or V.21 type modem, the 
R48MFX provides the user with unexcelled high performance. 



FSK 



v.27, 2400 V.27, 4800 



10-3 



10-4 



OQ 

10-5 



10-6 



/: 



5 10 15 20 

SIGNAL TO NOISE RATIO IN DB 



25 



TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that illustrated in CCITT 
Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm. 



RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R48MFX can adapt to received 
frequency error of ± 10 Hz with less than 0.2 dB degradation 
in BER performance. 



TYPICAL PHASE JITTER 

At 4800 bps, the modem exhibits a BER of 10-6 or less with a 
signal-to-noise ratio of 19 dB in the presence of 15° peak-to- 
peak phase jitter at 60 Hz. 

At 2400 bps, the modem exhibits a BER of 10-6 or less with a 
signal-to-noise ratio of 12.5 dB in the presence of 15° peak-to- 
peak phase jitter at 150 Hz or with a signal-to-noise ratio of 15 dB 
in the presence of 30° peak-to-peak phase jitter at 120 Hz 
(scrambler inserted). 

An example of the BER performance capabilities is given in the 
following diagrams: 



10-3 

10-4 
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a 

LU 
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OQ 
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1 


i 


1 
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SIGNAL TO NOISE RATIO IN DB 



Typical Bit Error Rate 
(Back-to-Back, Level - 20 dBm) 



Typical Bit Error Rate 
(Unconditioned 3002 Line, Level -20 dBm) 
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The BER performance test set-up is show in the following 
diagram: 







LEVEL 

METER 

HP 3552A 






















MODEM 
TRANS- 
MITTER 




3002 

LINE 
SIMULATOR 
SEG FA.1445 




IMPAIRMENT 
SOURCE 

BRADLEY 2A 
AND2B 




ATTENUATOR 
HP 350D 






MODEM 
RECEIVER 








































MODEM 

TEST SET 

PHOENIX 

5000 


NOTE 
SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING. 




BER Performance Test Set-up 
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APPLICATION 

Recommended Modem interface Circuit 

The R48MFX is supplied as a 64-pln QUIP device to be designed 
into original equipment manufacturer (OEM) circuit boards. Tiie 
recommended modem interface circuit and parts list illustrate 
the connections and components required to connect the modem 
to the OEM electronics. 

If the auxiliary analog input (pin 26) is not used, resistors R2 
and R3 can be eliminated and pin 26 must be connected to 
analog ground (pin 24). When the cable equalizer controls 
CABLE1 and CABLE2 are connected to long leads that are 
subject to picking up noise spikes, a 3k 1] series resistor should 
be used on each input (Pins 32 and 33) for isolation. 

Resistors R4 and R9 can be used to trim the transmit level and 
receive threshold to the accuracy required by the OEM 
equipment. For a tolerance of ±1 dB the 1% resistor values 
shown are correct for more than 99.8% of the units. 



Typical l\Aodem interface Parts List 




Manufacturer's 




Component 


Part Number 


Manufacturer 


C3,C6,C7,C9 


592CX7R104M060B 


Sprague 


C11 


SA405C274MAA 


AVX 


Y1 


333R1 4-002 


Uniden 


Z1 


LM1458N 


National 


R5,R6 


CML 1/10 






T86.6Kohm ±1% 


Dale Electronics 


R4 


5MA434.0K ±1% 


Corning Electronics 


R11 


5043CX3R000J 


Mepco Electra 


R10 


5043CX2M700J 


l\/lepco Electra 


R1 


5O43CX47K00J 


IVIepco Electra 


R7 


5043CX3K00J 


Mepco Electra 


R2,R3 


5043CX1K00J 


Mepco Electra 


C10 


ECEBEF100 


Panasonic 


C8 


SMC50T1R0IVI5X12 


United Chem-Con 


C4,C6 


C124C102J5G5CA 


Kemet 


CR1 


IN751D 


I.TT. 


R9 


CRBy4XF47K5 


R-Ohm 


R8 


ER025QKF2370 


Matsushita Electric 


R14 


Determined by IRQ 
characteristics 





PC Board Layout Considerations 

1 . The R48MFX and all supporting analog circuitry, including 
the data access arrangement if required, should be located 
on the same area of printed circuit board (PCB). 

2. Ail power traces should be at least 0.1 inch width. 

3. If power source is located more than approximately 5 inches 
from the R48MFX, a decoupling capacitor of 10 microfarad 
or greater should be placed in parallel with 01 1 near pins 1 1 
and 48. 

4. All circuitry connected to pins 9 and 1 should be kept short 
to prevent stray capacitance from affecting the oscillator. 



5. Pin 22 should be tied directly to pin 24 at the R48MFX 
package. Pin 24 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

6. An analog ground plane should be supplied beneath all 
analog components. The analog ground plane should 
connect to pin 24 and all analog ground points shown in the 
recommended circuit diagram. 

7. Pins 4, 8, 29, and 48 should tie together at the R48MFX 
package. Pin 48 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

8. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane should 
connect to pin 48 and all digital ground points shown in the 
recommended circuit diagram plus the crystal-can ground. 

9. The R48MFX package should be oriented relative to the two 
ground planes so that the end containing pin 1 is toward the 
digital ground plane and the end containing pin 32 is toward 
the analog ground plane. 

10. As a general rule, digital signals should be routed on the 
component side of the PCB while analog signals are routed 
on the solder side. The sides may be reversed to match a 
particular OEM requirement. 

11. Routing of R48MFX signals should provide maximum 
isolation between noise sources and sensitive inputs. When 
layout requirements necessitate routing these signals 
together, they should be separated by neutral signals. Refer 
to the table of noise characteristics for a list of pins in each 
category. 

Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive | 


High 


Low 


Low 


High 


1 


6 


3 


26 


23 


2 


7 


4 


28 


27 


5 


9 


8 


32 


35 


14 


10 


11 


33 


36 


15 


12. 


16 




37 


20 


13 


22 






21 


17 


24 






30 


18 


25 






38 


19 


29 






39 


45 


31 






40 


46 


34 






41 


49 


42 






44 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


43 
47 
48 
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NOTES: UNLESS OTHERWISE SPECIFIED 

1. RESISTOR VALUES ARE IN OHMS ±5% 1/4W 

2. CAPACITOR VALUES ARE IN MICROFARADS ±20% 50V 

3. C1 AND C2 NOT USED 
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PACKAGE DIMENSIONS 



.020 TYP. 
(.508 MM) 



- (17.27 MM) - 



.050 REF ♦ 
(1.27 MM) -^ 
TYP 



.200 
(5.08 MM 



.925 
- (23.495 MM) ' 
•750 __ 
(19.05 MM) 



iL 



t t 



64.Pin QUIP 



_ 1.50 
(3.81 MM) 
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4800 bps PC Communication IVIodem 



INTRODUCTION 

The Rockwell R48PCJ is a synchronous 4800 bits per second 
(bps) modem in a single 64-pin quad in-line package (QUIP). 
It is designed for operation over the public switched telephone 
network through line terminations provided by a data access 
arrangement (DAA). 

The modem satisfies the telecommunications requirements 
specified in CCITT recommendations V.27 ter, T.4 and the binary 
signaling capabilities of T.30. The R48PCJ can operate at speeds 
of 4800, 2400 and 300 bps, and includes the V.27 ter short train- 
ing sequence option. Employing advanced signal processing 
techniques, the R48PCJ can transmit and receive data even 
under extremely poor line conditions. 

User programmable features allow the modem operation to be 
tailored to support a wide range of functional requirements. The 
R48PCJ is optimized for incorporation into an original equipment 
manufacturer (OEM) developed system. The modem's single 
device package, low power consumption, and serial/parallel host 
interface simplify system design and allow direct installation on 
the host module. 




CABLE1 [ 



64 
63 


=^ 


RSO 
1 RSI 


62 


ZZD RS2 


bl 
60 


ZZD 


] RS3 
WRITE 


i>9 


1 US 


58 




READ 








56 


=D 


DO 








54 


=D 


D2 


52 


zzo 


D4 


50 


=z, 


D5 
D6 


49 
48 


Z=D 


D7 
DGN02 


4/ 


1 HC-VU 


46 




RTS 








44 


1 


SCLKO 


4.3 




PORO 


42 
41 
40 


—^ 


RCI 

SYNCIN1 

DAIN 


39 
38 
37 


^ 


AOOUT 

SCLKIN2 

RXIN 


36 


=3 


AOUT 


3.S 




FIN 


34 


=) 


RCVI1 









NC = NO CONNECTION 



R48PCJ Pin Assignments 



FEATURES 

• Single 64-Pin QUIP 

• CCITT V.27 ter, T.30, V.21 Channel 2, T.4 

• Group 3 Facsimile Transmission/Reception 

• Half-Duplex (2-Wire) 

• Programmable Dual Tone Generation 

• Programmable Tone Detection 

• Dynamic Range: -43 dBm to dBm 

• Diagnostic Capability 

— Provides Telephone Line Quality Monitoring Statistics 

• Equalization 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

• DTE Interface: Two Alternate Ports 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Low Power Consumption: 1W (Typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 
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TECHNICAL CHARACTERISTICS 
TONE GENERATION 

Under control of the host processor, the R48PCJ can gener- 
ate single or dual frequency voice band tones up to 4800 Hz 
with a resolution of 0.15 Hz and an accuracy of 0.01%. The 
transmit level and frequency of each tone is independently 
programmable. 

TONE DETECTION 

Single frequency tones are detected by a programmable filter. 
The presence of energy at the selected frequency is indicated 
by a bit in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 



Configuration 


Parameter 


Specification 
(±0.01%) 


V.27 


Signaling Rate 
Data Rate 
Signaling Rate 
Data Rate 


1600 Baud 
4800 bps 
1200 Baud 
2400 bps 


V.21 


Signaling Rate 
Data Rate 


300 Baud 
300 bps 



DATA ENCODING 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27. 

At 1200 baud, the 2400 bps data stream Is encoded into dibits 
per CCITT V.27 ter. 

At 300 baud, the data stream is 300 bps FSK per CCITT V.21 
channel 2. 

COMPROMISE CABLE EQUALIZERS 

In addition to the adaptive equalizer, the R48PCJ provides selec- 
table compromise cable equalizers to optimize performance over 
three different lengths of non-loaded cable of 0.4 mm diameter 
(1.8 km, 3.6 km, and 7.2 km). 

Cable Equalizer Nominal Gain 



Frequency 
(Hz) 


Gain (dB) Relative to 1700 Hz 


1.8 km 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+ 0.15 
+ 1.43 


-2.39 
-0.65 
+ 0.87 
+ 3.06 


-3.93 
-1.22 
+ 1.90 
+ 4.58 



TRANSMITTED DATA SPECTRUM 

When operating at 1600 baud, the transmitter spectrum is 
shaped by a square root of 50% raised cosine filter. 

When operating at 1200 baud, the transmitter spectrum is 
shaped by a square root of 90% raised cosine filter. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically meet the 
requirements of foreign telephone regulatory agencies. 

SCRAMBLER/DESCRAMBLER 

The R48PCJ incorporates a self-synchronizing scrambler/ 
descrambler. This facility is In accordance with CCITT V.27 ter. The 
scrambler can be disabled by setting a bit in interface memory. 



RECEIVE LEVEL 

The receiver circuit of the R48PCJ satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to -43 dBm. An external input buffer and filter must be sup- 
plied between the receiver analog input (RXA) and the R48PCJ 
RXIN pin. The received line signal level is measured at RXA. 

RECEIVE TIMING 

In the receive state, the R48PCJ provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the centers of received data bits. 
The timing recovery circuit Is capable of tracking a ± 0.01% fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 

TRANSMIT LEVEL 

The transmitter output level is programmable. An external out- 
put buffer and filter must be supplied between the R48PCJ 
TXOUT pin and the transmitter analog output (TXA). The default 
level at TXA Is + 5 dBm ± 1 dB. When driving a 600 ohm load 
the TXA output requires a 600 ohm series resistor to provide 
- 1 dBm ± 1 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the R48PCJ provides a Data Clock (DCLK) 
output with the following characteristics: 

1. Frequency: Selected data rate of 4800, 2400 or 300 Hz 
(±0.01%). 

2. Duty Cycle: 50% ±1%. 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

Eleven turn-on sequences are generated by the R48PCJ, as 
defined in the following table: 

Turn-On Sequences 



No. 


Bit 
Rate 
(bps) 


RTS On- 

CTSOn 

Tlmei 

(ms) 


Comments 


1 


300 


<14 


No Training Sequence, No Echo Tone 


2 


2400 


66 


Short Train, No Echo Tone 


3 


2400 


271 


Short Train, with Echo Tone^ 


4 


2400 


943 


Long Train, No Echo Tone 


5 


2400 


1148 


Long Train, with Echo Tone^ 


6 


2400 


<10 


Training Disabled 


7 


4800 


50 


Short Train, No Echo Tone 


8 


4800 


255 


Short Train, with Echo Tone^ 


9 


4800 


708 


Long Train, No Echo Tone 


10 


4800 


913 


Long Train, with Echo Tone^ 


11 


4800 


<10 


Training Disabled 


Notes: 

1 . Assumes the receiver is In idle; if not, add receiver turn-off time. 

2. For use on lines with protection against talker echo. 
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TURN-OFF SEQUENCE 

Five turn-off sequences are generated by the R48PCJ: 
Turn-Off Sequences 







RTS Off-Energy Off 


Silence 


No. 


Bit Rate (bps) 


Time (ms) 


Time (ms) 


1 


300 


<7 





2 


2400 serial 


7.5 


20 


3 


2400 parallel 


7.5-10 


20 


4 


4800 serial 


5.4 


20 


5 


4800 parallel 


5.4-6.7 


20 



<10ms (300 bps). The RLSD on-to-off response time is 
10 ±5 ms. Response times are measured with a signal at least 
3 dB abov e the ac tual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold. 



CLAMPING 

The following clamps are provided with the R48PCJ: 

1 . Received Dat a (RXD ), RXD is clamped to a constant mark 
(1) whenever RLSD is off. 

2. Received Line Signal D etect or (RLSD). RLSD is clamped off 
(squelched) whenever RTS is on. 

RESPONSE TIMES OF CLEAR-TO-SEND (CfS) 

The time betwe en th e off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the bit rate, the length of the 
training sequence, and the presence of th e ech o tone. The Turn- 
On Sequences table on page 2 lists the CTS response times. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS In the data state is a maximum of 2 baud 
times for ail configurations. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Receiver threshold is programmable over the range dBm to 
-50 dBm, however, performance may be at a reduced level 
when the received signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to RXA. 

POWER 



Voltage 



Tolerance 



^5Vdc 
-5Vdc 



±5% 
±5% 



Current (Max) @ 25°C 



Current (Max) @ SC^C 



270 mA @ 5.0 Vdc 
25 mA @ -5.0 Vdc 



245 mA @ 5 Vdc 
25 mA @ -5 Vdc 



Note: All voltages must have ripple <0 1 volts peak-to-peak. If 
a switching supply is chosen, user may select any frequency 
between 20 kHz and 150 kHz so long as no component of the 
switching frequency is present outside of the power supply with 
an amplitude greater than 500 microvolts peak. 




ENVIRONMENTAL 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 



RLSD turns on at the end of the trainin g sequence. If training 
Is not detected at the receiver, the RLSD off-to-on response time 
is 801 bauds (V.27 long train), 481 bauds (V.27 short train), or 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 


0°C to -h60°C (32°F to 140''F) 
-55°Cto +150°C(-67°Fto +302°F) 
(Stored in suitable antistatic container) 
Up to 90% noncondensing, or a wet bulb 
temperature up to 35°C, whichever is less 





















CABLE 2 








- n — 2iL^ 


R48PCJ 
MODEM 




1 1^ 


M ^^^ n 


_ CABLE1 










1 ^^° ■>. 


AUXI 




USRT 


1 ^ 
1 _ DCLK 




XTLO 








1 ^ 


^RLSD ^ 


- 


— 




K 
l^ 


RXD 


1 1 CLOCK 

XTLI ' CRYSTAL 




n- 






L^_,,J 








' 


I i 


\ y - 


. READ _ 


TXOUT 


LINE 
INTERFACE 


^ 1 


TELEPHONE 
' LINE 










1 


RXIN 






HOST 

PROCESSOR 

(DTE) 




-N 






■—4 
















wmic _^ 












DATA BUS (8) _ 






ADDRESS BUS (4) _ 













" DECODER 


n ^^ ^r 


+ 5V 




■^ 




-SV 








POR _^ 




>^ • o 


^ GND 


















J 


V 


V V 











R48PCJ Functional Interconnect Diagram 



3-53 



R48PCJ 



4800 bps PC Communication Modem 



INTERFACE CHARACTERISTICS 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins on the 
64-pin QUIP. Software circuits are assigned to specific bits in 
a 16-byte interface memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the R48PCJ Hardware 
Circuits table; the table column titled Type' refers to designa- 
tions found in the Digital and Analog Interface Characteristics 
tables. 

Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (OS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 



gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 

V.24 Interface 

Seven hardware circuits provide timing, data and control signals 
for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (0, + 5 volt). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 
pins may remain unterminated. 



R48PCJ Hardware Circuits 



Name 


Type 


Pin No. J Description 1 


Name 


Type 


Pin No. 


Description 1 


A. POWER: 1 


E. ANALOG SIGNALS: { 


AGND 


GND 


24 


Connect to Analog Ground 


TXOUT 


AA 


28 


Connect to Output Op Amp 


DGND1 


GND 


22 


Connect to AGND Ground 


RXIN 


AB 


37 


Connect to Input Op Amp 


DGND2 
DGND3 


GND 


48 


Connect to Digital Ground 
Connect to Digital Ground 


AUXI 


AC 


26 


Auxiliary Analog Input 














DGND4 
DGND5 


GND 
GND 


29 
4 


Connect to Digital Ground 
Connect to Digital Ground 


F. OVERHEi 


^D 






PORO 


l/OB 


43 


Power-On-Reset Output 


+ 5VA 


PWR 


31 


Connect to Analog + 5V Power 


PORI 


I/OB 


3 


Power-On-Reset Input 


+ 5 VD 


PWR 


11 


Connect to Digital + 5V Power 


XTLO 


R* 


10 


Connect to Crystal Circuit 


-5 VA 


PWR 


25 


Connect to Analog - 5V Power 


XTLI 

RCVO 

RCVI1 


R* 
R* 
R* 


9 
47 
34 


Connect to Crystal Circuit 
Receive Mode Output 
Connect to RCVO 


B. MICROPf 


ACCESS 


OR INTERFACE: | 


D7 


l/OA 


49 1 






D6 


l/OA 


50 






RCVI2 


R* 


16 


Connect to RCVO 


D5 


i/OA 


51 






SCLKO 


R* 


44 


Switched Capacitor Clock Output 


04 


l/OA 


52 






SCLKIN1 


R* 


30 


Connect to SCLKO 


D3 


l/OA 


53 




Data Bus (8 Bits) 


SCLKIN2 


R* 


38 


Connect to SCLKO 


D2 


l/OA 


54 






AOUT 


R* 


36 


Smoothing Filter Output 


D1 


l/OA 


55 






AGCIN 


R* 


23 


AGO Input 


DO 


l/OA 


56 J 






DAOUT 


R* 


14 


DAC/AGC Data Out 


RS3 


lA 


61 1 




DAIN 


R* 


40 


Connect to DAOUT 


RS2 


lA 


62 . 


Register Select (4 Bits) 


ADOUT 


R* 


39 


ADC Output 


RS1 


lA 


63 


Select Reg. 0-F 


ADIN 


R* 


15 


Connect to ADOUT 


RSO 


lA 


64 . 




FOUT 


R* 


27 


Smoothing Filter Output 











FIN 


R* 


35 


Connect to FOUT 


cs 

READ 


lA 
lA 


59 
58 


Chip Select 
Read Strobe 


SYNCOUT 


R* 


20 


Sample Clock Output 


WRITE 


lA 


60 


Write Strobe 


SYNCIN1 


R* 


41 


Connect to SYNCOUT 


IRQ 


OB 


57 


Interrupt Request 


SYNCIN2 


R* 


5 


Connect to SYNCOUT 










SYNCIN3 
RCI 


R* 


•1 


Connect to SYNCOUT 
RC Junction for POR Time 
Constant 


C. V.24 INTERFACE: | 


R* 


42 


DCLK 

RTS 

CTS 

TXD 

RXD 

RLSD 


OC 
IB 
OC 
IB 
OC 
OC 


19 
46 
17 
13 
12 
18 


Data Clock 
Request-to-Send 
Clear-to-Send 
Transmitter Data Signal 
Receiver Data Signal 
Received Line Signal Detector 


G. RESERVED | 




R* 
R* 
R* 
R* 


2 

6 

7 

21 


Do Not Connect 
Do Not Connect 
Do Not Connect 


D. CABLE E 


QUALIZ 


ER: 1 




R* 


45 


Do Not Connect 


CABLE1 


IC 


32 


Cable Select 1 


•R = Requir 


ed overh 


sad connect 


on; no connection to host equipment. 


CABLE2 


IC 


33 


Cable Select 2 


Unused inp 
resistors. 


uts tied t( 


3 + 5V or gr( 


Dund require individual 10K series 
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Digital Interface Characteristics 



Symbol 




Units 


Type 1 


Input 


Output 


Input/Output 1 


lA 


IB 


IC 


OA 


OB 


DC 


l/OA 


I/OB 


V,H 


Input Voltage, High 


V 


2 mm 


2 mm 


2.0 mm 








2 mm. 


5 25 max. 
2 mm. 


V,L 


Input Voltage, Low 


V 


8 max. 


8 max 


0.8 max. 








8 max. 


0.8 max. 


VOH 


Output Voltage, High 


V 








2.4 min.^ 






2.4 min. 1 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








0.4 max 2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


4 max.5 


■in 


Input Current, Leakage 


mA 


±25 max 












±12 5 max.4 




loH 


Output Current, High 


mA 








-0.1 max. 










loL 


Output Current, Low 


mA 








1.6 max. 


1.6 max. 


1 .6 max. 






'l 


Output Current, Leakage 


/.A 










±10 max. 








'PU 


Pull-up Current 
(Short Circuit) 


/iA 




- 240 max. 
- 10 min 


- 240 max 
-10 mm. 






- 240 max 
-10 min. 




- 260 max 
-100 mm. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Dram 
w/Pull-up 


Notes 




3. 1 load = -40 AiA 








1. 1 load = -100 /^A 




4 V|N = 4 to 2.4 Vdc, Vqc = 


5.25 Vdc 






2 1 load = 1 6 mA 




5 1 load = 36 mA 









Analog Interface Characteristics 

Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXOUT 

RXIN 
AUXI 


AA 

AB 
AC 


The transmitter output can supply a 
maximum of ±3 03 volts into a load 
resistance of 10k fi minimum. In order to 
match to 600 fi, an external smoothing 
filter with a transfer function of 
15726 43/(S + 1 1542 44) and 604 Q series 
resistor are required 

The receiver input impedance is greater 
than 1M 12 An external antialiasing filter 
with a transfer function of 
19533 88/(S + 11542 44) is required. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, 
any signal above 4800 Hz will cause 
aliasing errors. The input impedance is 
1M fi, and the gam to transmitter output 
(TXA) IS + 5.6 dB ± 1 dB. 


Note: Absolute maximum voltage ratings for analog inputs are. 
(-5VA - 3) < V|N < ( + 5 VA + 0.3) 



Microprocessor Interface Timing Requirements 


Characteristic 


Symbol 


Min 


Max 


Units 


CS, RSi setup time pnor 










to READ or WRITE 


TCS 


30 


— 


ns 


Data Access time after READ 


TDA 


— 


140 


ns 


Data hold time after READ 


TDH 


10 


50 


ns 


CS, RSi hold time after 










READ or WRITE 


TCH 


10 


— 


ns 


Write data setup time 


TWDS 


75 


_ 


ns 


Write data hold time 


TWDH 
TWR 


10 
75 


— 


ns 
ns 


WRITE strobe pulse width 



TCS 



CS 



TCS H 



RSi '// 
(I = 0-3)/ 



.- 



READ 



Di 
(I = 0-7) 




^ TCH TCS H ^ -* 



K 



-4 TWR 






-*- TDH 



TCH 



^ TCH 



-4- TWDS 



k TWDH 



Microprocessor Interface Timing Waveforms 



3-55 



R48PCJ 



4800 bps PC Communication IModem 



Cable Equalizers 

Modems may be connected by direct wiring, such as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies can be placed in series with the 
analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. 

Cable Equalizer Selection 



CABLE2 


CABLE1 


Length of 0.4mm Diameter Cable 





1 
1 



1 


1 


0.0 
1.8 km 
3 6 km 
7 2 km 



Analog Signals 

Three analog signals provide the interface point for telephone 
company audio circuits and host audio inputs. Signals TXOUT 
and RXIN require buffering and filtering to be suitable for driving 
and receiving the communication channel. Signal AUXI provides 
access to the transmitter for summing host audio signals with 
the modem analog output. 

The filters required for anti-aliasing on the receiver input and 
smoothing on the transmitter output have a single pole located 
at 1 1 ,542 radians. Although this pole is located within the modem 
passband, internal filters compensate for its presence and, 
therefore, the pole location must not be changed. Some varia- 
tion from recommended resistor and capacitor values is per- 
mitted as long as the pole is not moved, overall gain is preserved, 
and the device is not required to drive a load of less than 10k fi. 

Notice that when reference is made to signals TXA, RXA, and 
AUXIN, these signals are not electrically identical to TXOUT, 
RXIN, and AUXI. The schematic of the recommended modem 
interface circuit illustrates the differences. 

Overhead 



Except for the power-on-reset signal PORO, the overhead 
signals are intended for internal use only. The various required 
connections are illustrated in the recommended modem inter- 
face circuit schematic. No ho st conn ections should be made to 
overhead signals other than PORO. 

SOFTWARE CIRCUITS 

The R48PCJ contains 16 memory mapped registers to which an 
external (host) microprocessor has access. The host may read 
data out of or write data Into these registers. Refer to the R48PCJ 
Host Processor Interface figure. 



When information in these registers is being discussed, the for- 
mat Z:Q is used. The register is specified by Z(O-F), and the bit 
by Q(0-7, = LSB). A bit is considered to be "on" when set to 
a one (1) and "off" when reset to a zero (0). 

Status/Control Bits 

The operation of the R48PCJ is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. 

All status and control bits are defined in the R48PCJ Interface 
Memory Map table. Bits designated by ' — ' are reserved for 
modem use only and must not be changed by the host. 

Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits in a register, the host 
processor must mask out unwanted data. When writing a single 
bit or group of bits in a register the host processor must perform 
a read-modify-write operation. That is, the entire register is read, 
the necessary bits are set or reset in the accumulator of the host, 
then the original unmodified bits and the modified bits are written 
back into the register of the interface memory. 

Configuration Control 

Six configurations are available in the R48PCJ modem: V.27 
4800/2400 bps long/short train (four variations), V.21 , and Tone. 
The configuration is selected by writing an 8-bit binary code into 
the configuration field (CONF) of the interface memory. The con- 
figuration field consists of bits 7 through of register D. The 
code for these bits is shown in the following table. All other codes 
represent invalid states. 

Configuration Codes 



CONF Code 


Configuration 


GO 


V.21 


04 


V.27, 2400 Long Train 


05 


V.27, 2400 Short Train 


06* 


V.27, 4800 Long Train 


07 


V.27, 4800 Short Train 


08 


Tone Mode 


* Default value at FOR. 



When the modem is initialized by power-on-reset, the configura- 
tion defaults to V.27 4800 bps long train. When the host wants 
to change configuration, the new code is written to the configura- 
tion field and the SETUP bit (E:3) is set to a one. Once the new 
configuration takes effect, the SETUP bit is reset to zero by the 
modem. 

The information in the interface memory is serviced by the 
modem at the baud rate (V.27 and V.21), 9600 times per second 
(tone generator), or 1600 times per second (tone detector). 
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R48PCJ Host Processor interface 





R48PCJ Interface Memory Map 






\. Bit 
Register 


7 


6 


5 


4 


3 


2 


1 





F 


RAMA 


E 


lA 


CDIE CDREQ - SETUP DDE ~ DDREQ 


D 


CONF 


C 


RTSP 


EPT TPDM 


TDIS 


EQSV 


EQF2 


SDIS 


RAMW 


B 


RX 


FED 


GHIT 


— 


— 


— 


__ 


A 


TDET 


— 


— 


— 


— 


_ 


— 


_ 


9 


— 


— 


— 


— 


— 


— 


— 


— 


8 


__ 


_ 


CDET 


— 


PN 




— 


~ 


7 


— 


__ 


_ 


— 


— 


— 


— 


— 


6 


— 


__ 


__ 


— 


— 






— 


5 


RXCD 


4 


TXCD 


3 


DDXM 


2 


DDXL 


1 


DDYM 





DDYL 


Register 


7 


6 


5 


4 


3 


2 


1 






Channel Data Transfer 

Data sent to or received from the data channel may be transferred 
between the modem and host processor in either serial or parallel 
form. The receiver operates in both sena! and parallel mode 
simultaneously and requires no mode control bit selection The 
transmitter operates in either serial or parallel mode as selected 
by mode control bit C 5 (TPDM). 



To enable the transmitter parallel mode, TPDM must be set to 
a 1 The modem automatically defaults to the serial mode 
(TPDM=0) at power-on. In either transmitter serial or parallel 
mode, the R48PCJ is configured by the host processor via the 
microprocessor bus. 

Serial Mode— The serial mode uses a standard V.24 (RS-232-C) 
hardware interface (optional USRT) to transfer channel data. 
Transmitter data can be sent serially only when TPDM is set to 
a zero. 

Parallel Mode— Parallel data is transferred via two registers in 
the interface memory. Register 5 (RXCD) is used for receiver 
channel data, and Register 4 (TXCD) is used for transmitter chan- 
nel data. Register 5 is continuously written every eight bit times 
when in the receive state. Register 4 is used as the source of 
channel transmitter data only when bit C:5 (TPDM) is set to a one 
by the host. Ot herw ise the transmitter reads data from the V.24 
interface. Both RTS and RTSP remain enabled, however, regard- 
less of the state of TPDM. 

When performing parallel data transfer of channel data, the host 
and modem can synchronize their operations by handshaking bits 
in register E. Bit E:5 (CDREQ) is the channel data request bit. 
This bit is set to a one by the modem when receiver data is 
available in RXCD or when transmitter data is required in TXCD. 
Once the host has finished reading RXCD or writing TXCD, the 
host processor must reset CDREQ by writing a zero to that bit 
location. 

When set to a oneby the host, Bit E:6 (CDIE) enables the CDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) is a one. 

If the host does not respond to the channel data request within 
eight bit times, the RXCD register is over written or the TXCD 
register is sent again. 

Refer to Channel Data Parallel Mode Control flow chart for recom- 
mended software sequence. 
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R48PCJ interface Memory Definitions 



IMnemonic 


Name 


ll/lemory 
Location 


Description 


CDET 


Carrier Detector 


8:5 


The one state of CDET indicates passband energy is being detected, and a training sequence is 
not present. CDET goes to one at the start of the data state, and returns to zero at the end of the 
received signal. CDET activates one baud time before RLSD and deactivates one baud time after 
RLSD. 


CDIE 


Channel Data 
Interrupt Enable 


E:6 


When set to a one, CDIE enables an IRQ interrupt to be generated when the channel data 
request bit (CDREQ) is a one. 


CDREQ 


Channel Data 
Request 


E:5 


Parallel data mode handshaking bit. Set to a one when the modem receiver writes data to RXCD, 
or the modem transmitter reads data from TXCD. CDREQ must be reset to zero by the host 
processor when data service is complete. 


CONF 


Configuration 


D:0-7 


The 8-bit field CONF controls the configuration of the modem according to the following table: 

Hex Code Configuration 

00 V.21 

04 V.27, 2400 Long Train 

05 V.27, 2400 Short Train 

06 V.27, 4800 Long Train (Default) 

07 V27, 4800 Short Train 

08 Tone 
All else Invalid 

Configuration Definitions 

\^27— The modem operates as a CCITT T.30 compatible 300 bps FSK modem having 
characteristics of the CCITT V.21 Channel 2 modulation system. 

Tone— The modem sends single or dual frequency tones in response to the RTS or RTSP signals. 
Tone frequencies and amplitudes are controlled by RAM locations written by the host. When not 
transmitting tones the Tone configuration allows detection of single frequency tones by the TDET 
bit. The tone detector frequency can be changed by the host by altering the contents of several 
RAM locations. 

V 27— The modem is compatible with CCITT Recommendation V.27 ter. 


DDIE 


Diagnostic Data 
Interrupt Enable 


E:2 


When set to a one, DDIE enables an IRQ interrupt to be generated when the diagnostic data 
request bit (DDREQ) is a one. 


DDREQ 


Diagnostic Data 
Request 


E:0 


DDREQ goes to a one when the modem reads from or writes to DDYL. DDREQ goes to a zero 
when the host processor reads from or writes to DDYL. Used for diagnostic data handshaking bit. 


DDXL 


Diagnostic Data 
X Least 


2:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDXM 


Diagnostic Data 
XMost 


3:0-7 


Least significant byte of 16-bit word used in reading XRAM locations. 


DDYL 


Diagnostic Data 
Y Least 


0:0-7 


Least significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


DDYM 


Diagnostic Data 
YMost 


1:0-7 


Most significant byte of 16-bit word used in reading YRAM locations or writing XRAM and YRAM 
locations. 


EPT 


Echo Protector 
Tone 


C:6 


When EPT is a one, an unmodulated carrier is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. EPT is not active if TDIS is on. 


EQFZ 


Equalizer Freeze 


C:2 


When EQFZ is a one, the adaptive equalizer taps stop updating and remain frozen. 


EQSV 


Equalizer Save 


C:3 


When EQSV is a one, the adaptive equalizer taps are not zeroed when reconfiguring the modem 
or when entering the training state. Adaptive equalizer taps are also not updated during training. 


FED 


Fast Energy 
Detector 


B:5,6 


FED consists of a 2-bit field that indicates the level of received signal according to the following 

^°^®- Code Energy Level 

None 

1 Invalid 

2 Above Turn-off Threshold 

3 Above Turn-on Threshold 

While receiving a signal, FED normally alternates between Codes 2 and 3. 
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R48PCJ Interace Memory Definitions (continued) 



Mnemonic 


Name 


Memory 
Location 


Description 


GHIT 


Gain Hit 


B:4 


The gam hit bit goes to one when the receiver detects a sudden increase in passband energy 
faster than the AGO circuit can correct GHIT returns to zero when the AGC output returns to 
normal 


lA 


Interrupt Active 


E7 


lA IS a one when the modem is dnving the interrupt request line (IRQ) to a low TTL level 


PN 


Period N 


8:3 


PN sets to a one at the start of the received PN sequence PN resets to zero at the start of the 
received scrambled ones. PN does not operate when TDIS is set to a one 


RAMA 


RAM Access 


FO-7 


The RAMA register is written by the host when reading or writing diagnostic data. The RAMA 
code determines the RAM location with which the diagnostic read or write is performed. 


RAMW 


RAM Write 


CO 


RAMW IS set to a one by the host processor when performing diagnostic writes to the modem 
RAM RAMW IS set to a zero by the host when reading RAM diagnostic data 


RTSP 


Request to Send 
Parallel 


C.7 


The one state of RTSP begins a transmit sequence The modem continues to transmit until RTSP 
is turned off and the turn-off sequence has been completed RTSP parallels the operation of the 
hardware RTS control input. These inputs are ORed by the modem 


RXCD 


Receiver Channel 
Data 


5 0-7 


RXCD is written to by the modem every eight bit times This byte of channel data can be read by 
the host when the receiver sets the channel data request bit (CDREQ) 


RX 


Receive State 


B7 


RX IS a one when the modem is in the receive state (i e , not transmitting) 


SDIS 


Scrambler Disable 


C1 


When SDIS is a one, the scrambler/descrambler is disabled. When SDIS is a zero, the 
scrambler/descrambler is enabled (default) 


SETUP 


Setup 


E-3 


The host processor must set the SETUP bit to a one when reconfiguring the modem, i e , when 
changing CONF (DO-7) 


TDET 


Tone Detected 


A-7 


The one state of TDET indicates reception of a tone The filter can be retuned by means of the 
diagnostic wnte routine. 


TDIS 


Training Disable 


C-4 


If TDIS IS a one in the receive state, the modem is prevented from entering the training phase If 
TDIS IS a one when RTS or RTSP go active, the generation of a training sequence is prevented at 
the start of transmission 


TPDM 


Transmitter Parallel 
Data Mode 


C5 


When control bit TPDM is a one, the transmitter accepts data for transmission from the TXCD 
register rather than the serial hardware data input 


TXCD 


Transmitter 
Channel Data 


4 0-7 


The host processor conveys output data to the transmitter in parallel data mode by wntmg a data 
byte to the TXCD register when the channel data request bit (CDREQ) goes to a one Data is 
transmitted as single bits in V.21 or as dibits in V27 starting with bit or dibit 0,1. 




Diagnostic Data Transfer 

The modem contains 128 words of random access memory 
(RAM). Each word is 32-bits wide. Because the modem is 
optimized for performing complex arithmetic, the RAM words 
are frequently used for storing complex numbers. Therefore, 
each word is organized into a real part (16 bits) and an imaginary 
part (16-bits) that can be accessed independently. The portion 
of the word that normally holds the real value is referred to as 
XRAM. The portion that normally holds the imaginary value is 
referred to as VRAM. The entire contents of XRAM and YRAM 
may be read by the host processor via the microprocessor 
interface. 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. The RAM address to 
be read from or written to is determined by the contents of 
register F (RAMA). The R48PCJ RAM Access Codes table lists 
27 access codes for storage in register F and the corresponding 
diagnostic functions. The R48PCJ Diagnostic Data Scaling table 
provides scaling information for these diagnostic functions. Each 
RAM word transferred to the interface memory is 32 bits long. 



These bits are written into interface memory registers 3, 2, 1 
and in that order. Registers 3 and 2 contain the most and least 
significant bytes of XRAM data, respectively, while registers 1 
and contain the most and least significant bytes of YRAM data 
respectively. 

When set to a one, bit 0:0 (RAMW) causes the modem to sus- 
pend transfer of RAM data to the interface memory, and instead, 
to transfer data from interface memory to RAM. When writing 
into the RAM, only 16 bits are transferred, not 32 bits as for a 
read operation. The 16 bits written in XRAM or YRAM come from 
registers 1 and 0, with register 1 being the more significant byte. 
Selection of XRAM or YRAM for the destination is by means of 
the code stored in the RAMA bits of register F. When bit F:7 
is set to one, the XRAM is selected. When F:7 equals zero, 
YRAM IS selected. 

When the host processor reads or writes register 0, the 
diagnostic data request bit E:0 (DDREQ) is reset to zero. When 
the modem reads or writes register 0, DDREQ is set to a one. 
When set to a oneby the host, bit E:2 (DDIE) enables the DDREQ 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit E:7 (lA) goes to a one. 
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Channel Data Parallel Mode Control 
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R48PCJ RAM Access Codes 



R48PCJ Diagnostic Data Scaling (Cont'd) 



Node 


Function 


RAIMA 


Rog. No. 


1 


AGO Gain Word 


87 


2.3 


2 


Average Power 


91 


2,3 


3 


Receiver Sensitivity 


47 


0,1 


4 


Receiver Hysteresis 


84 


2.3 


5 


Equalizer Input 


63 


0,1,2,3 


6 


Equalizer Tap Coefficients 


23-32 


0.1,2.3 


7 


Unrotated Equalizer Output 


73 


0,1.2.3 


8 


Rotated Equalizer Output 


OA 


0.1.2,3 


9 


Decision Points 


74 


0.1.2.3 


10 


Error Vector 


75 


0.1.2,3 


11 


Rotation Angle 


B3 


2,3 


12 


Frequency Correction 


8B 


2,3 


13 


EQM 


89 


2,3 


14 


Alpha (a) 


38 


0,1 


15 


Beta One (/S^) 


39 


0,1 


16 


Beta Two {fi^ 


3A 


0,1 


17 


Alpha Prime («') 


3B 


0.1 


18 


Beta One Prime (/S/) 


3C 


0.1 


19 


Beta Two Prime (iSg') 


3D 


0.1 


20 


Alpha Double Prime (a") 


B8 


2.3 


21 


Beta Double Prime {0") 


B9 


2.3 


22 


Output Level 


43 


0,1 


23 


Tone 1 Frequency 


8E 


2,3 


24 


Tone 1 Level 


44 


0,1 


25 


Tone 2 Frequency 


8F 


2,3 


26 


Tone 2 Level 


45 


0,1 


27 


Checksum 


02 


0.1 



R48PCJ Diagnostic Data Scaling 



Node 




1 


AGO Gain Word (16-bit unsigned). 

AGC Gain in dB := 50 - [(AGC Gain Word/64) x 0.098] 

Range: (16C0)i6 to (7FFF)i6. For -43 dBm Threshold 


2. 


Average Power (16-bit unsigned) 
Post-AGC Average Power in dBm 

= 10 Log (Average Power Word/2185) 
Typical Value = (0889)i6. corresponding to dBm 
Pre-AGC Power in dBm 

= (Post-AGC Average Power-AGC Gain) 


3 


Receiver Sensitivity (16-bit twos complement) 

On-Number =655.36 (52.38 h-Pqn) 

where: Pqn = Turn-on threshold In dB 

Convert On-Number to hexadecimal and store at access 

code 47 


4 


Off-Number = [65.4 (10A)]2/2 

where: A = (Pqff - Pqn - 0.5)/20 
Pqn = Turn-on threshold in dB 
Pqff = Turn-off threshold in dB 
Convert Off-Number to hexadecimal and store at access 
code 84. 



5.7-9 



10 



14-21 



24 

and 

26 



23 

and 

25 



27 



Parameter/Scaling 



All base-band signal point nodes (i.e.. Equalizer Input. 
Unrotated Equalizer Output, Rotated Equalizer Output, and 
Decision Points) are 32-bit, complex, twos complement 
numbers. 



Point 


Value (Hex) 


X 


Y 


1 


1D00 


OCOO 


2 


OCOO 


1D00 


3 


F400 


1D00 


4 


E300 


OCOO 


5 


E300 


F400 


6 


F400 


E300 


7 


OCOO 


E300 


8 


1D00 


F400 





• 3 


• 2 


• 4 




• 1 


•5 




• 8 




• 6 


• 7 



Equalizer Tap Coefficients (32-bit, complex, twos 

complement) 

Complex numbers with X = real part. Y = Imaginary part 

X and Y range: 0000 to (FFFF)i6 representing ±full scale 

in hexadecimal twos complement. 



Error Vector (32-bit, complex, twos complement) 

Complex number with X = real part, 

Y = imaginary part. 

X and Y range: (8000)i6 to (7FFF)i6 



Rotation Angle (16-bit, signed, twos complement) 
Rotation Angle in deg. = (Rot. Angle Word/65,536) x 360 



Frequency Correction (16-bit signed twos complement) 
Frequency correction in Hz 

= (Freq. Correction Word/65,536) x Baud Rate 

Range: (FC00)i6 to (400)^6 representing ± 18.75 Hz 



EQM (16-bit, unsigned) 

Filtered squared magnitude of error vector. 

Proportionality to BER determined by particular application. 



Filter Tuning Parameters (16-bit unsigned) Alpha, Beta One. 
Beta Two, Alpha Prime, Beta One Prime, Beta Two Prime. 
Alpha Double Prime, and Beta Double Prime are set according 
to instructions in application note 668. 



Output L^vel (16-bit unsigned) 

Output Number = 27573.6 [lO^^^'^oj 

Po = output power in dBm with series 600 ohm resistor 

into 600 ohm load. 
Convert Output Number to hexadecimal and store at 
access code 43 



Tone 1 and Tone 2 Levels 

Calculate the power of each tone independently by using 
the equation for Output Number given at node 22. Convert 
these numbers to hexadecimal then store at access codes 
44 and 45. Total power transmitted in tone mode is the 
result of both tone 1 power and tone 2 power. 



Tone 1 and 2 Frequency (16-bit unsigned) 

N = 6.8267 (Frequency in Hz) 

Convert N to hexadecimal then store at access code 8E 

or8F 



Ctiecicsum (16-bit unsigned) 

ROM checksum number determined by revision level. 
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POWER-ON INITIALIZATION 

When power is applied to the R48PCJ, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this perio d. Approximately 10 ms after 
the low to high transition of POR, the modem is ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below approximately 3 Vdc for more than 30 msec, the 
POR cycle is repeated. 

At POR time the modem defaults to the following configuration: 
V.27/4800 bps, serial mode, training enabled, echo protector 
tone enabled, interrupts disabled, RAM access code OA, 
transmitter output level set for + 5 dBm at TXA, receiver turn- 
on threshold set for -43.5 dBm, receiver turn-off threshold set 
for -47.0 dBm, tone 1 and tone 2 set for Hz and volts output, 
and tone detector parameters zeroed. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or co nfigu ration. A low active pulse of 3 (isec or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be configured 10 msec after the low active pulse is 
removed from POR. 

PERFORMANCE 

Whether functioning as a V.27 ter or V 21 type modem, the 
R48PCJ provides the user with unexcelled high performance. 



TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that illustrated in CCITT 
Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm. 



RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R48PCJ can adapt to received 
frequency error of ± 10 Hz with less than 0.2 dB degradation 
in BER performance. 



TYPICAL PHASE JITTER 

At 4800 bps, the modem exhibits a BER of 10-6 or less with a 
signal-to-noise ratio of 19 dB in the presence of 15° peak-to- 
peak phase jitter at 60 Hz. 

At 2400 bps, the modem exhibits a BER of 10-6 or less with a 
signal-to-noise ratio of 12.5 dB in the presence of 15° peak-to- 
peak phase jitter at 150 Hz or with a signal-to-noise ratio of 15 dB 
in the presence of 30° peak-to-peak phase jitter at 120 Hz 
(scrambler inserted). 

An example of the BER performance capabilities is given m the 
following diagrams: 
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The BER performance test set-up is show in the following 
diagram: 
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BER Performance Test Set-up 
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APPLICATION 

Recommended Modem Interface Circuit 

The R48PCJ is supplied as a 64-pin QUIP device to be designed 
into original equipment manufacturer (OEM) circuit boards. The 
recommended modem interface circuit and parts list illustrate 
the connections and components required to connect the modem 
to the OEM electronics. 

If the auxiliary analog input (pin 26) is not used, resistors R2 
and R3 can be eliminated and pin 26 must be connected to 
analog ground (pin 24). When the cable equalizer controls 
CABLE1 and CABLE2 are connected to long leads that are 
subject to picking up noise spikes, a 3k series resistor should 
be used on each input (Pins 32 and 33) for isolation. 

Resistors R4 and R9 can be used to trim the transmit level and 
receive threshold to the accuracy required by the OEM 
equipment. For a tolerance of ± 1 dB the 1% resistor values 
shown are correct for more than 99.8% of the units. 



Typical Modem Interface Parts List 




Manufacturer's 




Component 


Part Number 


Manufacturer 


C3,C5,C7,C9 


592CX7R104M050B 


Sprague 


C11 


SA405C274MAA 


AVX 


Y1 


333R 14-002 


Uniden 


Z1 


LM1458N 


National 


R5,R6 


CML 1/10 






T86.6K ohm ±1% 


Dale Electronics 


R4 


5MA434 0K ±1% 


Corning Electronics 


R11 


5043CX3R000J 


Mepco Electra 


R10 


5043CX2M700J 


Mepco Electra 


R1 


5043CX47K00J 


Mepco Electra 


R7 


5043CX3K00J 


Mepco Electra 


R2,R3 


5043CX1K00J 


Mepco Electra 


C10 


ECEBEF100 


Panasonic 


C8 


SMC50T1R0M5X12 


United Chem-Con 


C4,C6 


C124C102J5G5CA 


Kemet 


CR1 


IN751D 


ITT 


R9 


CRBy4XF47K5 


R-Ohm 


R8 


ER025QKF2370 


Matsushita Electric 


R14 


Determined by IRQ 
characteristics 





PC Board Layout Considerations 

1 . The R48PCJ and all supporting analog circuitry, including 
the data access arrangement if required, should be located 
on the same area of printed circuit board (RGB). 

2. All power traces should be at least 0.1 inch width. 

3. If power source is located more than approximately 5 inches 
from the R48PCJ, a decoupling capacitor of 10 microfarad 
or greater should be placed in parallel with C1 1 near pins 1 1 
and 48. 

4. All circuitry connected to pins 9 and 1 should be kept short 
to prevent stray capacitance from affecting the oscillator. 



5 Pin 22 should be tied directly to pin 24 at the R48PCJ 
package Pin 24 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

6. An analog ground plane should be supplied beneath all 
analog components. The analog ground plane should 
connect to pin 24 and all analog ground points shown in the 
recommended circuit diagram. 

7. Pins 4, 8, 29, and 48 should tie together at the R48PCJ 
package. Pin 48 should tie directly, by a unique path, to the 
common ground point for analog and digital ground. 

8. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane should 
connect to pin 48 and all digital ground points shown in the 
recommended circuit diagram plus the crystal-can ground. 

9. The R48PCJ package should be oriented relative to the two 
ground planes so that the end containing pin 1 is toward the 
digital ground plane and the end containing pin 32 is toward 
the analog ground plane. 

10 As a general rule, digital signals should be routed on the 
component side of the PCB while analog signals are routed 
on the solder side The sides may be reversed to match a 
particular OEM requirement. 

11 Routing of R48PCJ signals should provide maximum 
isolation between noise sources and sensitive inputs. When 
layout requirements necessitate routing these signals 
together, they should be separated by neutral signals. Refer 
to the table of noise characteristics for a list of pins in each 
category. 

Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive 


High 


Low 


Low 


High 


1 


6 


3 


26 


23 


2 


7 


4 


28 


27 


5 


9 


8 


32 


35 


14 


10 


11 


33 


36 


15 


12 


16 




37 


20 


13 


22 






21 


17 


24 






30 


18 


25 






38 


19 


29 






39 


45 


31 






40 


46 


34 






41 


49 


42 






44 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


43 
47 
48 
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INTRODUCTION 

The Rockwell R24/48MEB Modem Evaluation Board (MEB) aids 
the original equipment manufacturer (OEM) during the evalua- 
tion and design in phases of product development. Modems sup- 
ported by the R24/48MEB include the R24MFX, R24BKJ, 
R48MFX, and R48PCJ. The Modem Evaluation Board contains 
a socket (U1) for mounting the 64-pin quad in-line package (QUIP) 
of the selected modem, plus support circuitry to configure a com- 
plete data pump. For operation over the public switched 
telephone network (PSTN), an appropriate line termination, such 
as a data access arrangement (DAA), must be provided 
externally. 

The R24/48MEB physical and electrical interface Is compatible 
with the Rockwell R96FAX modem. For users of the R96FAX, 
this feature provides a rapid means of preparing to evaluate a 
64-pin QUIP modem. Equipment previously developed for use 
with the R96FAX can be converted for use with the R24/48MEB 
by changing only the software. 



FEATURES 

• Convenient evaluation method for 

R24MFX 
R24BKJ 
R48MFX 
R48PCJ 

• Exercises all modem functions 

• Easily integrated into a prototype system 

• Cost effective for low volume production applications 

• Standard 40-pin flat ribbon connector 

• Backward compatible with R96FAX hardware 

• Low power consumption: 1 .5W (typical) 

• Small size: 100 mm x 65 mm (3.94 in. x 2.56 in.). 
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TECHNICAL SPECIFICATION 

For a description of the R24/48MEB characteristics with a 64-pin 
QUIP modem installed in socl<et U1, refer to the corresponding 
modem data sheet. 



Modem 
Number 


Data Sheet 
Order Number 


R24MFX 
R24BKJ 
R48MFX 
R48PCJ 


MD17 
MD20 
MD19 
MD21 



CIRCUIT DESCRIPTION 

INTERFACE CIRCUITS 

The circuitry and design rules used to create the R24/48MEB 
follow the recommended modem interface and PC board layout 
considerations published in the associated 64-pin QUIP modem 
data sheet. The circuit card can be used as a guide in host PC 
board design. 

Refer to the R24/48MEB schematic diagram (Figure 2) during 
the following description. The modem being evaluated is Inserted 
in the 64-pin QUIP socl<et (U1). Various overhead connections 
between QUIP pins are completed by circuits on the evaluation 
board. Some of these overhead signals are connected to test 
points (E3, E4, E5) or connector pins (P1-11, P1-12, P1-22, P1-24) 
for use in Rockwell production test. These signals are not 
intended for use by the host equipment. 

Modem signals that form the user interface on connector PI 
(Table 1) are divided into five categories: Power, Microprocessor 
Interface, V.24 Interface, Cable Equalizer, and Analog Signals. 
The column titled "Type" refers to designations found in the 
digital and analog interface characteristics tables (Tables 2 
and 3). The five categories are defined in the following 
paragraphs. 

Power 

Power signals include ± 12 volts, +5 volts, ground ahd POR. The 
± 12 volt supplies provide power for analog circuits and should 
be free from switching transients normally associated with digital 
circuits. The +5 volt source provides power for digital circuits 
and can be driven by the host logic supply. 

The common reference point for all signals, both digital ahd 
analog, is modem ground (pins 14 and 39). These pins provide 
the power supply return points for ail voltages and should be 
used as reference for transmitter and receiver signals. To 
minimize noise problems, circuits that interface to the modem 
should maintain their ground references as close as possible 
to the same potential as modem pins 14 and 39. Digital signals 
and analog signals should be referenced to modem ground via 
separate connections to prevent digital noise from appearing on 
analog signals due to a common ground impedance. 

In order to reduce the effect of noise coupled through direct cur- 
rent (DC) power lines, decoupling capacitors are recommended 
on all power inputs. Each supply input should be decoupled to 
signal ground (pins 14 and 39) by a parallel set of capacitors. 



Table 1 


R24/48MEB Connector Interface Signals 


Name | Type | Pin No. | Description 


A. POWER: 


Ground 
+ 5 volts 
+ 12 volts 
-12 volts 
POR 


GND 
PWR 
PWR 
PWR 
I/OB 


14, 39 
3,4 
26 
37 
36 


Power Supply Return 
+ 5 vbit supply 
+ 12 volt supply 
-12 volj supply 
Power-6n-reset 


B. MICROPROCESSOR INTERFACE: 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 

RS3 
RS2 
RS1 
RSO 

CS 
READ 
WRITE 
IRQ 


l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 
l/OA 

lA 
lA 
lA 
lA 

lA 
lA 
lA 
OB 


7-) 

5 

9 
31 
15 
28 
23 
29 J 

30' 

8 
27 
10- 

6 

1 

2 

32 


. 


Data Bus (8 Bits) 

Register Select (4 Bits) 

Chip Select 
Read Enable 
Write Enable 
Interrupt Request 


C. V.24 INTERFACE: 


DCLK 

RTS . 

GTS 

TXD 

RXD 

RLSD 


00 
IB 
00 
IB 
00 
00 


13 
19 
17 
20 
21 
16 


Data Clock 

Request-to-Send 

Clear-to-Send 

Transmitter Data 

Receiver Data 

Received Line Signal Detector 


D. CABLE EQUALIZER: 


CABS1 
CABS2 


IC 
10 


33 
34 


Cable Select 1 
Cable Select 2 


E. ANALOG SIGNALS: 


TXA 
RXA 
AUXIN 


AA 
AB 
AC 


38 
40 
35 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 


Unused inputs tied to +5V or ground require individual 10K ft series 
resistors. , 



A large value capacitor of 10 microfarads or greater should 
be paralleled by a low inductance small value capacitor of 
0,1 microfarads. 

Because the modem uses switched capacitor filters, the noise 
floor can be degraded as the result of high frequency noise 
aliased into the passband by beating with the switched capacitor 
clock. For this reason, use of linear power supplies, rather than 
switching power supplies, is recommended where low level 
reception (ie-, around -40 dBm) is anticipated. If switching 
power supplies are used, extra care must be taken to keep 
switching noise out of the modem. The following techniques have 
proven helpful in designing systems using switching supplies. 

1. In addition to the decoupling capacitors on ail modem power 
inputs, the power supply output leads should be wrapped 
around a toroidal core to increase series inductance. This 
technique blocks the conducted high frequency noise from 
the switching supply. 
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Table 2. Digital Interface Characteristics 








Symbol 




Units 


Type 


Input 


Output 


Input/Output 


lA 


IB 


10 


OA 


OB 


OC 


i/OA 


I/OB 


V.H 


Input Voltage, High 


V 


2.0 min. 


2.0 min. 


2.0 min 








2.0 min. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.a max. 


0.8 max. 








0.8 max. 


0.8 max. 


VOH 


Output Voltage. High 


V 








2.4 min.i 






2.4 min. 1 


2.4 min.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.5 


l|N 


Input Current, Leakage 


^ 


±2.5 max. 












± 12.5 max.4 




loH 


Output Current, High 


mA 








-0.1 max. 










•OL 


Output Current, Low 


mA 








1.6 max. 


1.6 max. 


1.6 max. 






II 


Output Current, Leakage 


mA 










± 10 max. 








IPU 


Pull-up Current 
(Short Circuit) 


mA 




-240 max. 
-10 min. 


- 240 max. 
-10 min. 






-240 max. 
-10 min. 




- 260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


3. 1 


load = -40^ 








1. 1 loa( 


i = -100 /lA 4. V 


,N = 0.4 to 2.4 Vdc 


Vcc = 5.25 Vdc 






2. 1 loa 


d = 1.6 mA 5. 1 


load = 0.36 mA 










Table 3. 


Analog Interface Characteristics 


Name 


Type 




TXA 

RXA 
AUXIN 


AA 

AB 
AC 


The transmitter output is a low impedance 
operational amplifier output. In order to 
match to 600 ohms, an external 604 ohm 
series resistor is required. 

The receiver input impedance is 
47.5Kohms ±1%. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, any 
signal above half the sample rate will 
cause aliasing errors. The input 
impedance is IK ohms, and the gam to 
transmitter output is - 0.4 dB ± 1 dB. 



2. A ground plane should be inserted between the modem and 
the power supply. This technique reduces radiated EMI pickup 
by modem circuits. 

3. Shield analog signals In coaxial wire. Signals TXA (pin 38), 
RXA (pin 40), and AUXIN (pin 35) should be shielded. Signal 
AUXIN should be tied to ground (pin 39) if not used. 

By following these procedures, satisfactory performance over 
the full dynamic range should be realized even when switching 
power supplies must be used. 

When t he mo dem is initially energized a signal called Power-On 
Reset (POR) causes the modem to assume a valid opera- 
tional state. The modem drives pin 36 to ground during the 
beginning of the POR sequence. Approximately 10 milliseconds 
after the low to high transition of pin 36, the modem is ready 
for normal use. The POR sequence is reinitialized anytime 
the + 5 volt supply drops below -i- 3.0 volts for more than 



30 milliseconds, or an external device drives pin 36 low for at 
least 3 microseconds. 

Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (OS, READ and WRITE) and interrupt (]MQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. The microprocessor interface timing 
waveforms are shown in Figure 1 and the microprocessor 
Interface timing requirements are listed in Table 4. With the 
addition of a few external logic gates, the interface can be made 
compatible with a wide variety of microprocessors such as 6500, 
6800, or 68000. 



The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the referenced data sheet of each 
64-pin QUIP modem. 

V.24 Interface 

Six hardware circuits provide timing, data and control signals 
for implementing a serial Interface compatible with CCITT 
Recommendation V.24. These signals interface directly with 
circuits using TTL logic levels. These TTL levels are suitable 
for driving the short wire lengths or printed circuitry normally 
found within stand-alone modem enclosures or equipment 
cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 pins 
may remain unterminated. 
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Figure 1 . Microprocessor Interface Timing Waveforms 
Cabie Equalizers 

Modems may, be connected by direct wiring, such as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower fre- 
quencies than at higher frequencies can be placed in series with 
the analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. The low (0) and 
high (1) states of signals CABS1 and CABS2 that are necessary 
to select each of the cable equalizer options are defined in 
Table 5. 

Analog Signals 

Three connector pins are devoted to analog audio signals: TXA, 
RXA, and AUXIN. The TXA (transmitter analog) line is an out- 
put suitable for driving an audio transformer or data access 
arrangement for connection to either leased lines or the public 
switched telephone network. The output structure of TXA is a 
low impedance amplifier. In order to match this output to a 
standard telephone load of 600 ohms, a series resistor is 
required. A value of 604 ohms ±1% is recommended. 

The RXA (receiver analog) line is an input to the receiver from 
an audio transformer or data access arrangement. The input 



Table 4. Microprocessor Interface Timing Requirements 


Characteristic 


Symbol 


Min 


Max 


Units 


CS, RSi setup time prior 
to Read or WRITE 


TCS 


30 


_ 


NS 


Data Access time after Read 


IDA 


— 


140 


NS 


Data hold time after Read 


TDH 


10 


50 


NS 


CS, RSi hold time after 
READ or WRITE 


TCH 


10 





NS 


Write data setup time 


TWDS 


75 


— 


NS 


Write data hold time 


TWDH 
TWR 


10 
75 


— 


NS 
NS 


WRITE strobe pulse width 



Table 5. Cable Equalizer Selection 



CABLE1 


CABLE2 


Length of 0.4mm Diameter Cable 





1 
1 




1 


1 


0.0 
1.8 km 
3.6 km 
7 2 km 



impedance is 47.5K ohms ±1%. The RXA input must be 
shunted by an external resistor in order to match a 600 ohms 
source. The 604 ohms ±1% resistor recommended for the 
transmitter is also suitable for the receiver. 

The last analog connection is the input AUXIN. This line pro- 
vides a means of inserting audio signals into the modem output 
stage. Because this input Is summed with the transmitter out- 
put prior to the transmitter low pass filter and compromise 
equalizers, the AUXIN signal is sampled by a compensated 
sample-and-hold circuit. Any signal above half the sample rate 
on the AUXIN line will be aliased back into the passband as 
noise. 

MEB SUPPORT CIRCUITS 

The modem evaluation board with a 64-pin QUIP modem 
installed forms a complete data pump ready for interfacing to 
a host microprocessor (Figure 3). The host electronics must pro- 
vide data and timing on the microprocessor interface pins to 
allow normal modem configuration and option selection plus 
status monitoring. Additional circuitry is recommended to allow 
generation of an eye pattern for diagnostic purposes (Figure 6). 
A commercially available modem test set (e.g., Phoenix 5000) 
can be connected directly to the V.24 serial interface (using TTL 
levels) or can be buffered with DS1488 and DS1489 type drivers 
and receivers for operation with standard RS-232 levels. 

Schematic diagrams are provided for the RS-232 buffer circuit 
(Figure 4) and the microprocessor bus interface with eye pat- 
tern output (Figure 5). Note that the data clock signal must drive 
both the transmitter clock and the receiver clock and is therefore 
buffered to reduce the load on the R24/48MEB pin 13. Also note 
that an SN74121 is used to shorten the write pulse in order to 
meet data hold time requirements for the NE5018 devices. The 
100 ohm resistors in series with modem signals are required 
only when driving several feet of cable where excessive ringing 
may require damping. The address decode logic places the 
modem registers between locations 9000 and 900F hexadecimal. 
The eye pattern DAC's are at locations 9071 and 9072. 
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17 
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17 
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IRQ 
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31 
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S3 


28 
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54 


02 

01 
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01 


55 


29 


00 
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RS3 


61 
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27 
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Figure 4. RS-232 Buffer Circuit 
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Figure 5. R24/48MEB Microprocessor Bus Interface with Eye Pattern Output 
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MODEM EVALUATION 

EYE PATTERN 

The eye pattern is an oscilloscope display of the received base- 
band constellation. By monitoring this constellation, an observer 
can often identify common line disturbances as well as defects 
in the modulation/demodulation process. 

In quadrature amplitude modulation (QAM), two multilevel ampli- 
tude modulated (AM) carriers are transmitted simultaneously. 
Interference between these two modulated carriers is minimized 
by using carriers of identical frequency with a constant 90° 
relative phase angle. After demodulation, the multilevel base- 
band signals can be displayed on an oscilloscope with the set 
of levels received on one carrier displayed on the X axis and 
the set of levels received on the other carrier displayed on the 
Y axis. Since these signals consist of discrete levels sent at high 
data rates, the resulting oscilloscope pattern appears to be a 
fixed set of points. 

Figures 6a through 6d illustrate four examples of an eye pat- 
tern. Figure 6a shows the location of four ideal points cor- 
responding to a signal structure using and ± 1 for the three 
amplitude levels. One such signal structure is CCITT Recom- 
mendation V.27 at 2400 bits per second. The dashed lines 
superimposed on the eye pattern represent decision boundaries 
used by the receiver in deciding which ideal point corresponds 
to the actual received point. Although the transmitter sends ideal 
points, line impairments cause the received points to be mis- 
aligned. Figure 6b shows the effect of random noise. The 
received points cluster around the ideal location, but are 
randomly offset from the ideal point by the noise causing 
undesired signal modulation. The random offsets are a result 
of the random nature of the noise. If the line impairment is not 
random but periodic or is a function of the received signal itself 
(e.g., harmonic distortion) then the distribution of points around 
the ideal location is not random. Figure 6c illustrates the tangen- 
tial smearing resulting from phase jitter and Figure 6d shows 
the effect of amplitude distortion (either gain jitter or harmonic 
distortion). The magnitude of the spreading is directly propor- 
tional to the severity of the impairment, and represents the quality 
of the signal or the likelihood of errors in the received data. 

Consult the Eye Pattern Generation Flowchart (Figure 7) for an 
example of eye pattern generation using the address structure 
indicated in the eye pattern output schematic. 



BIT ERROR RATE 

Bit Error Rate (BER) is a measure of the steady-state transfer 
of data on the communication channel. It is the ratio of the 
number of received bits in error to the number of transmitted 
bits. This number increases with decreasing signal-to-noise ratio 
(SNR). The type of line disturbance and the modem configura- 
tion also affect the BER. 

The BER Performance Test Set-up (Figure 8) illustrates a method 
of measuring BER in accordance with CCITT Recommendation 
V.56. The band-limited noise level should be adjusted by the 
noise attenuator to give the desired signal to noise ratio for the 
selected received signal level. The modem transmitter is then 
caused to send a 511 -bit pseudo random test pattern. The signal 
attenuator is set for a received signal level of -20 dBm to 
simulate leased line operation or - 30 dBm to simulate switched 
network operation. In leased line testing the line simulator should 
be 3002-C1 or 3002-C2 conditioned. 

Once the receiver has trained (as indicated by a stable eye pat- 
tern) the BER test can begin. A large enough number of bits 
should be sent to cause at least 10 bit errors to be recorded. 
BER is calculated by dividing the number of bits in error by the 
number of bits sent. 

The impairment source can be adjusted to provide phase-jitter 
or frequency offset, etc. The BER tests can be repeated in the 
presence of these line Impairments to determine the amount by 
which performance has degraded. All BER tests should be con- 
ducted under steady-state conditions; i.e., after the adaptive 
equalizer has stabilized. 

Transient response can be measured by using very short polling 
messages and comparing the number of attempts to send a 
message with the number of error free messages received for 
a specific signal to noise ratio and line condition. This type of 
testing is called block-error-rate (BLER) and can be performed 
using the same test set-up as bit-error-rate. 

Data throughput for a specific application is determined by a 
combination of bit-error-rate and block-error-rate. Depending on 
system architecture, line conditions, error control method used, 
etc., an optimum message length can be chosen to maximize 
throughput. As messages become shorter, block-error-rate 
becomes the limiting factor. As messages become longer, bit- 
error-rate becomes the limiting factor. 
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Figure 6. Four Point Eye Patterns 



3-76 



R24/R48MEB 



Modem Evaluation Board 



f START j 



WRITE ACCESS CODE 
FOR ROTATED 
EQUALIZER OUTPUT 
INTO 900F (RAMA) 




READ 9003 
(DDXM) 



STORE AT 
9071 (XDAC) 



READ 9001 
(DDYM) 



STORE AT 

9072 

(YDAC) 



READ 9000 
(DDYL) TO 
CLEAR DDREQ 




Figure 7. Eye Pattern Generation Flowchart 
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Figure 8. BER Performance Test Set-up 
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GENERAL SPECIFICATIONS 



Voltage 


Tolerance 


Current (Typical) @ 25*'C 


Current (Max) @ O^'C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±50/0 
±50/0 


200 mA 

5 mA 

30 mA 


<300 mA 
<10 mA 
<50 mA 


Note: All voltages must have ripple <0 1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity 


0°C to +60°C (32«F to 140«'F) 

-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 



Mechanical 



Parameter 


Specification 


Board Structure 


Single PC board with single right angle header with 40 pins 
mating connector 


Burndy FRS 40BS8P or equivalent 


Dimensions 






Width 


3.937 in (100 mm) 




Length 


2.559 in (65 mm) 




Height 


0.40 in. (10 2 mm) 




Weight (max.) 


2.6 oz. (73 g) 




Lead Extrusion (max.) 


0.100 in (2.54 mm) 





3.437 
(100) 

3.675 
(93.3) 



0.156 ±0.003 DIA (4 PL) 
(3-96) 0.637 

(16.18) 



2.30 
(58.4) 



1.0 
(25.4) 



(58.4) 



0.512 
(13) 

0.235 
(5.97) 



' 0.277 
(7.04) 
0.125 



2.559 <3.18) 

(65) 

COMPONENT AREA 




ru 



RIBBON CONNECTOR VERSION 



UNITS: 



INCHES 



1400 MAX 



(10.16) 



R24/48MEB Dimensions and Pin Locations 



3-79 



R96MFX 

MONOFAX Modems 




R96MFX 



® 



9600 bps MONOFAX^ Modem 



INTRODUCTION 

The Rockwell R96MFX MONOFAX is a synchronous 9600 
bits per second (bps) half-duplex modem in a single 64-pin 
quad-in-line package (QUIP). The R96MFX can operate 
over the public switched telephone network (PSTN) 
through line terminations provided by a data access arran- 
gement (DAA). 

The modem satisfies the telecommunications require- 
ments specified in CCITT recommendations V.29, V.27 
ter, V.21 Channel 2, T.3, and T.4, and the binary signaling 
requirements of T.30. The R96MFX can operate at speeds 
of 9600, 7200, 4800, 2400 and 300 bps. 

The R96MFX is designed for use in Group 3 and Group 2 
facsimile machines. The modem's small size and low 
power consumption allow the design of compact system 
enclosures for use in both office and home environments. 

MONOFAX is a registered trademark of Rockwell International 



RSI 

RSO I 

NC 

EN85 I 



PORI 
XTLI CZ 
XTLO 
12 MHz C 
6 MHz 
+ 5VD d 
DCLKI 
SYNCIN2 C 
DGND1 
CTS d 
TXD 
DCLK CZ 
EYESYNC 
EYECLK c 
EYEX 
ADIN d 
DAOUT 
AGND1 C 
AGCIN 
AGND2 d 
-5VA 
AUXI d 
FOUT 
TXOUT d 
AEE 
ECLKIN1 d 
•»-5VA 



RS2 
> RS3 

RS4 
I READ-02 

CS _ 

1 WRITE-R/W 

IRQ 
1 DO 

D1 
1 D2 

D3 
) D4 

D5 
I D6 

D7 
1 DGND2 

RTS 
1 RCVO 



RLSD 
1 RXD 

EYEY 
] PORO 

1 SYNCIN1 

DAIN 
1 ADOUT 

ECLKIN2 
] RXIN 

AOUT 
] FIN 

RCVI 
] CABLE2 



FEATURES 

Single 64-pin QUIP 

CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, T.3 

Group 3 and Group 2 Facsimile Transmission/ 
Reception 

Half-Duplex (2-Wire) 

Programmable Dual Tone Generation 

Programmable Tone Detection 

Programmable Turn-on and Turn-off Thresholds 

Programmable Transmit Output Level 

Diagnostic Capability 

— Allows Telephone Line Quality Monitoring 
Equalization 

— Automatic Adaptive 

— Compromise Cable (Selectable) 
DTE Interface: Two Alternate Ports 

— Selectable Microprocessor Bus (6500 or 8085) 

— CCITT V.24 (RS-232-C Compatible) Interface 
TTL and CMOS Compatible 
Low Power Consumption: 500 mW (Typical) 




R96MFX Pin Assignments 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES AND DATA 
RATES 

The selectable modem configurations, along with the cor- 
responding signaling (baud) rates and data rates, are 
listed in Table 1 . 

TONE GENERATION 

Under control of the host processor, the modem can 
generate voice-band single or dual tones from Hz to 
4800 Hz with a resolution of 0.15 Hz and an accuracy of 
0.01%. Tones over 3000 Hz are attenuated. Dual tone 
generation allows the modem to operate as a program- 
mable DTMF dialer. 

DATA ENCODING 

The data encoding conforms to CCITT recommendations 
V.29, V.27, V.21 Channel 2, and T.3. 

CABLE EQUALIZERS 

Equalization functions are provided that improve perfor- 
mance when operating over low quality lines. 

The integrated analog section of the R96MFX has selec- 
table cable equalizers with the characteristics shown in 
Table 2. Choose specific cable equalizers by strapping 
CABLE1 and CABLE2 to either +5V or GND (see 
Hardware Interface). The chosen filter functions in both 
transmit and receive paths depending on operating mode. 

ADAPTIVE EQUALIZER 

An adaptive equalizer in V.29 and V.27 modes compen- 
sates for transmission line amplitude and group delay dis- 
tortion. 



TRANSMITTED DATA SPECTRUM 

The transmitted data spectrum is shaped in the baseband 
by an excess bandwidth finite impulse response (FIR) fil- 
ter with the following characteristics: 

When operating at 2400 baud, the transmitted spectrum is 
shaped by a square root of 20% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic over the band of 
700 Hz to 2700 Hz, and the energy density at 500 Hz and 
2900 Hz is attenuated 4.5 ± 2.5 dBm with respect to the 
maximum energy density between 500 Hz and 2900 Hz. 

When operating at 1 600 baud, the transmitted spectrum is 
shaped by a square root of 50% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic, and the energy 
density at 1000 Hz and 2600 Hz is attenuated 3.0 ± 2.0 
dBm with respect to the maximum energy density between 
1000 Hz and 2600 Hz. 

When operating at 1200 baud, the transmitted spectrum is 
shaped by a square root of 90% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic, and the energy 
density at 1200 Hz and 2400 Hz is attenuated 3.0 ± 2.0 
dBm with respect to the maximum energy density between 
1200 Hz and 2400 Hz. 

Table 2. Cable Equalizer Characteristics 




Frequency 
(Hz) 


Gain dB Relative to 1700 Hz 
for Length of 0.4 mm Cable 





1.8 km 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


0.00 
0.00 
0.00 
0.00 


-0.99 
-0.20 
+0.15 
+1.43 


-2.39 
-0.65 
+0.87 
+3.06 


-3.93 
-1.22 
+1.90 
+4.58 



Table 1. Configurations, Signaling Rates and Data Rates 









Carrier 


Data 














Frequency 


Rate 




Bits 










(Hz) 


(bps) 


Baud 


per 


Constellation 


Configuration 


Modulation^ 




±0.01% 


±0.01% 


(Symbols/Sec.) 


Symbol 


Points 


V.29 9600 


QAM 




1700 


9600 


2400 


4 


16 


V.29 7200 


QAM 




1700 


7200 


2400 


3 


8 


V.29 4800 


QAM 




1700 


4800 


2400 


2 


4 


V.27 4800 


DPSK 




1800 


4800 


1600 


3 


8 


V.27 2400 


DPSK 




1800 


2400 


1200 


2 


4 


V.21 300 


FSK 




1650,1850 


300 


300 


1 


- 


T.3 (Group2) 


VSAMPM 




2100 


- 


- 


_. 


- 


Single and Dual 
















Tone Transmit 
















Notes: 1 . Modula 


tion legend: 


QAIV 
DPS 
FSK 
VSA 


Quadrature Amplitude Modulation 
K Differential Phase Shift Keying 

Frequency Shift Keying 
MPM Vestigial Sideband Amplitude Modulation - Pha 


se Modulation 
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The transmit spectrum characteristics assume that the 
cable equalizers are disabled. 

The out-of-band transmitter energy levels In the 4 kHz - 
50 kHz frequency range are below -55.0 dBm. 

TURN-ON AND TURN-OFF SEQUENCES 

Transmitter turn-on and turn-off sequence times are 
shown in Table 3. 

TRANSMIT LEVEL 

The transmitter output level is programmable in the DSP 
RAM from dBm to -1 5.0 dBm and is accurate to ± 1 .0 
dBm. The output level is adjusted by the modem by digi- 
tally scaling the output to the transmitters digital-to-analog 
converter. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing 
scram bler/descrambler in accordance with CCITT V.29 or 
V.27 recommendations, depending on the selected con- 
figuration. 

RECEIVE LEVEL 

The receiver satisfies V.29 and V.27 performance require- 
ments for received line signal levels from dBm to -43 
dBm. An external input buffer and filter must be supplied 
between the Receiver Analog Input (RXA) and RXIN. The 
received line signal level is measured at the RXA input. 
The default turn on and turn off RLSD threshold levels are 
- 43 dBm and - 48 dBm, respectively. These levels are 
measured with an unmodulated 21 00 Hz tone at RXA. 

The RLSD threshold levels can be programmed over the 
following range: 

Turn on: -10 dBm to -47 dBm 
Turn off: -10 dBm to -52 dBm 

RECEIVER TIMING 

The timing recovery circuit can track a ± 0.01% frequency 
error in the associated transmit timing source. 

CARRIER RECOVERY 

The carrier recovery circuit can track a ± 7 Hz frequency 
offset in the received carrier with less than a 0.2 dBm 
degradation in bit error rate (BER). 



CLAMPING 

Received Data (RXD) is clamped to a c onstant mark 
whenever the Received Line Signal Detector (RLSD) is off. 

TONE DETECTION 

The tone detector signal path is separate from the main 
received signal path enabling tone detection to be inde- 
pendent of the receiver status. Tone detector 3 operates 
in all receive modes. 

The filter coefficients of each filter are host programmable 
in RAM. The output of the tone detector filter goes to an 
energy detector. 

GENERAL SPECIFICATIONS 

The modem power and environmental requirements are 
shown in Tables 4 and 5, respectively. 

HARDWARE INTERFACE SIGNALS 

The functional interconnect diagram (Figure 1) shows the 
typical modem connection in a system. In this diagram, 
any point that is active when exhibiting the relatively more 
negative voltage of a two-voltage system (e.g., VDC for 
TTL or -12 VDC for RS-232-C) is called active low and Is 
represented by a small circle at the signal point. The par- 
ticular voltage levels used to represent the binary states 
do not change the logic symbol. 

Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or 
open-drain) outputs. These signal points include the addi- 
tional notat ion of a small triangle or a small half-circle (see 
signal IRQ) . Activ e low signals are named with an over- 
score (e.g., POR). 



Table 4. Power Requirements 


Voltage 


Current (Typ.) 

@25°C 


Current (Max.) 
@0°C 


+5 VDC ±5% 
- 5 VDC ±5% 


85 mA 
15 mA 


< 125 mA 
^30mA 


Note: All voltages must have ripple less then 0.1 volts peak-to- 
peak. If a switching supply is chosen, the user may 
select any frequency between 20 KHz and 150 KHz so 
long as no component of the switching frequency is 
present outside of the power supply with an amplitude 
greater than 500 ^iV peak. 



Table 3. Turn-Off/Turn-On Sequences 




RTS On to CTS On 


Turn Off Time from RTS Off^ 




Echo 


Echo 








Protector 


Protector 


Remaining 


No 




Tone 


Tone 


Data and 


Transmitted 


Configuration 


Disabled 


Enabled 


Scrambled Is 


Energy 


v.29 (All Speeds) 


253 ms 


441 ms 


5 ms 


20 ms 


v.27 4800 bps 


708 ms 


913 ms 


7 ms 


20 ms 


v.27 2400 bps 


943 ms 


1148 ms 


10 ms 


20 ms 


V.21 300 bps 


^14 ms 


^14 ms 


- 


- 


Group 2 


s400ns 


^400 \xs 


- 


- 



Table 5. 


Environmental Requirements 


Parameter 


Specification 


Temperature 

Operating 

Storage 

Relative Humidity 


0° C to +70° C (32° F to ISS** F) 

-40° C to +80° C (-40° F to 1 76° F) 

(Stored in a suitable anti-static 

container) 

Up to 90% noncondensing, or a wet bulb 

temperature up to 35° C, whichever is less. 
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A clock intended to activate logic on its rising edge (low- 
to-high transition) is called active low, while a clock in- 
tended to activate logic on Its falling edge (high-to-low 
transition) is called active high. When a clock input is as- 
sociated with a small circle, the input activates on a falling 
edge. If no circle is shown, the input activates on a rising 
edge. 

The hardware interconnect signals shown in Figure 1 are 
organized into eight functional groups: power, 
microprocessor interface, V.24 Interface, cable equalizer, 
analog signals, overhead, reserved, and serial diagnostic 
interface. These signals, along with their connector pin 
numbers and interface circuit types, are listed in Table 6. 
The digital interface characteristics are defined in Table 7. 

POWER-ON-RESET 

When power is ap plied to the modem, the modem pulses 
Power-On-Reset (POR) low to begin the POR sequence. 



350 ms after the low-to-high transition of POR, the modem 
Is ready to use. The POR sequence is reinitiated any time 
the + 5V supply drops belo w -t- 3 .5V for more than 3 ms, 
or an external device drives POR low for at least 3 [is. POR 
is not pulsed low by the modem when the POR sequence 
is initiated externally. The POR sequence initializes the 
modem interface memory (Table 10) to default values. 
This action leaves the modem configured as follows: 

• V.29 9600 bps 

• Serial channel data 

• T Equalizer 

• Standard echo suppressor tone 

• -43 dBm receiver turn-on threshold 


















^ CABLE 2 
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MONOFAX 

MODEM 




1 t^ 


4 ^^^ n 


CABLE 1 






1 ^^° ». 


AUXI 
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XLTI 


CRYSTAL 
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_ RLSD ^ 


XTLO 

(NO 




, RXD 


1 


I^ 
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- 


i i 
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TXOUT 


LINE 
INTERFACE 




■1 








RXiN 
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' LINE 




HOST 

PROCESSOR 

(DTE) 






. READ 


-^ 


- 


0- 






EYEX ^ 






1 1 ^"'"^^ » n 




i 


->- 




DATA BUS (8) 


EYE 

PATTERN 

GENERATION 


X 






EYEY ^ 


SCOPE 






ADDRESS BUS (5) _ 


EYESYNC 
EYECLK 


Y 

— ^ 











_ +5V 








" DECODER 


^ cs _ ^ 






D — »0 




^ ^ 




POR _^ 


< -5V 
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AAA 1 












+ 3 ■■ V 




"i- EN 85 











Figure 1. R96MFX Functional Interconnect Diagram 



3-83 



R96MFX 



9600 bps MONOFAX Modem 



Microprocessor interface 

Seventeen address, data, control, and interrupt hardware 
Interface signals allow modem connection to an 8085 or 
6500 bus compatible microprocessor. With the addition of 
external logic, the interface can be made compatible with 
a wide variety of other microprocessors such as the 8080 
or 68000. 

The microprocessor interface allows a microprocessor to 
change modem configuration, read or write channel and 
diagnostic data, and supervise modem operation by writ- 
ing control bits and reading status bits. The significance of 
the control and status bits, along with the methods of data 
interchange, are discussed in the Software Interface Sec- 
tion. 



Ctiip Seiect (CS) and Register Seiects (RS0-RS4). 

The Chip Select (CS) input enables the modem digital sig- 
nal processor (DSP) device. The five active high register 
select lines (RS0-RS4) address Interface memory 
registers within the selected DSP interface memory. All six 
of these lines are typically connected to the host bus ad- 
dress lines; the register select lines to the five least sig- 
nificant lines (A0-A4), and the chip select line to the next 
significant line (A5) through a decoder. The DSP decodes 
RSO through RS4 to address one of 32 internal interface 
memory registers (00-1 F). The most significant address bit 
is RS4 and the least significant address bit is RSO. The 
selected register can be read from, or written into, via the 
8-blt parallel data bus (D0-D7). The most significant data 
bit is D7 and the least significant data bit is DO. 



Tabie 6. R96i\/IFX Hardware Interface Signals 



Name 


Type* 


Pin No 


Description 


Power 


AGND1 


GND 


22 


Connect to Analog Ground 


AGND2 


GND 


24 


Connect to Analog Ground 


DGND1 


GND 


13 


Connect to Digital Ground 


DGND2 


GND 


49 


Connect to Digital Ground 


+5VA 


PWR 


31 


Connect to Analog +5V Power 


+5VD 


PWR 


10 


Connect to Digital +5V Power 


-5VA 


PWR 


25 




Microprocessor Interface 


D7 


lA/OB 


50 


Data Bus Line 7 


D6 


lA/OB 


51 


Data Bus Line 6 


D5 


lA/OB 


52 


Data Bus Line 5 


D4 


lA/OB 


53 


Data Bus Line 4 


D3 


lA/OB 


54 


Data Bus Line 3 


D2 


lA/OB 


55 


Data Bus Line 2 


D1 


lA/OB 


56 


Data Bus Line 1 


DO 


lA/OB 


57 


Data Bus Line 


RS4 


lA 


62 


Register Select 4 


RS3 


lA 


63 


Register Select 3 


RS2 


lA 


64 


Register Select 2 


RS1 


lA 


1 


Register Select 1 


RSO 


lA 


2 


Register Select 


CS 


lA 


60 


Chip Select 


READ-(j)2 


lA 


61 


Read Strobe (808X), (^2 Clock (65XX) 


WRITE-R/W lA 


59 


Write Strobe (808X), R/W (65XX) 


IRQ 


OC 


58 


Interrupt Request 


V.24 Interface 


RTS 


lA 


48 


Request to Send 


CTS 


OA 


14 


Clear to Send 


TXD 


lA 


15 


Transmit Data 


RXD 


OA 


45 


Received Data 


RLSD 


OA 


46 


Received Line Signal Detected 


DCLK 


OA 


16 


Transmit and Receive Data Clock 


Cable Equalizer 


CABLE1 


IB 


32 


Cable Select 1 


CABLE2 


IB 


33 


Cable Select 2 


Analog Signals 


TXOUT 


AA 


28 


Connect to Smoothing Filter Input 


RXIN 


AB 


37 


Connect to Anti-aliasing Filter Output 


AUXI 


AC 


26 


Auxiliary Analog Input 



Table 6. R96I^FX Hardware Interface Signals 








(Cont'd) 


Name 


Type* 


Pin No. 


Description 


Overhead 


PORO 


OE 


43 


Power-On-Reset Output 


PORI 


lA 


5 


Power-On-Reset Input 


DCLKI 


R 


11 


Connect to DCLK 


ECLKIN1 


R 


30 


Connect to EYECLK 


ECLKIN2 


R 


38 


Connect to EYECLK 


SYNCIN1 


R 


41 


Connect to EYESYNC 


SYNCIN2 


R 


12 


Connect to EYESYNC 


XTLI 


IC 


6 


Connect to Crystal Circuit or Oscillator 


XTLO 


R 


7 


Connect to Crystal Circuit or Float 


12 MHZ 


OD 


8 


12 MHz Output 


6 MHZ 


OD 


9 


6 MHz Output 


RCVI 


R 


34 


Connect to RCVO 


RCVO 


R 


47 


Mode Select Output 


ADIN 


R 


20 


Connect to ADOUT 


ADOUT 


R 


39 


ADC Output 


DAIN 


R 


40 


Connect to DAOUT 


DAOUT 


R 


21 


DAC/AGC Output 


EN85 


R 


4 


Connect to Resistor for Bus Selection 


AEE 


R 


29 


Connect to Analog Ground 


AGCIN 


R 


23 


AGC Input 


AOUT 


R 


36 


Smoothing Filter Output 


FIN 


R 


35 


Connect to FOUT 


FOUT 


R 


27 


Smoothing Filter Output 


RCI 


R 


42 


RC Junction for POR Time Constant 


Reserved 




R 


3 


Do Not Connect 


Serial Diagnostic Interface 


EYEX 


OA 


19 


Serial Eye Pattern X Output 


EYEY 


OA 


44 


Serial Eye Pattern Y Output 


EYECLK 


OA 


18 


Serial Eye Pattern Clock (230.4 kHz) 


EYESYNC 


OA 


17 


Serial Eye Pattern Strobe (9600 Hz) 


Notes: 








* 


Digital signals 


are described in Table 7. Analog signals 




are described 


n Table 9. 


R 


= Required overhead connector; no connection to host 




equipment. 
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Read Enabie-(|)2 (R EAP-(|)2 ) and 
Write Enable-R/W (WRITE/R/W) 

During a read cycle, data from the selected DSP interface 
memory register is gated onto the data bus by means of 
three-state drivers in each DSP. These drivers force the 
data lines high for a one bit, or low for a zero bit. When not 
being read, the three-state drivers assume their high-im- 
pedance (off) state. 

During a write cycle, data from the data bus is copied into 
the selected DSP interface memory register, with high and 
low bus levels representing one and zero bit states, 
respectively. 

The read/write cycle timing waveforms are illustrated in 
Figure 2 and the timing requirements are shown in 
Table 8. 

Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be con- 
nected to the host processor interrupt request input in 
order to interrupt ho st pro gram execution for immediate 
modem service. The IRQ output can be enabled in DSP 
interface memory to indicate immediate ch ange of condi- 
tions in the modem DSP device. The use of IRQ is option- 
al depending upon modem application. Refer to the 
Software Considerations Section for a summary of the 
modem Interrupt bits, interrupt conditions and interrupt 
clearing procedures. 

The DSP IRQ output structure is an open-drain field-effect- 
transistor (FET). The modem IRQ output can be wire- 
ORed with other IRQ lines in the application system. Any 
of these sources can drive the host interrupt input low, and 
the host interrupt servicing process normally conti nues 
until all interrupt requests have been serviced (i.e., all IRQ 
lines have returned high). 



Because of the open-drain structure of IRQ, an external 
pull-up resistor to +5V is required at some point on the IRQ 
line. The resistor valu e sho uld be small enough to pull the 
IRQ line high when all IRQ drivers are off (i.e., it must over- 
come the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a level ac- 
ceptable to each driver. If only the modem IRQ output is 
used, a resistor value of 5.6K ohms ±20%, 0.25 W, is suf- 
ficient. 

V.24 INTERFACE 

Seven pins provide timing, data, and control signals for im- 
plementing a CCITT Recommendation V.24 compatible 
serial interface. These signals are TTL compatible in order 
to drive the short wire lengths and circuits normally found 
within stand-alone modem enclosures or equipment 
cabinets. For driving longer cables, these signals can be 
easily converted to RS-232-C voltage levels. The transmit 
and receive timing is shown In Figures 3 and 4, respective- 
ly. 
Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the 
local DTE on the Transmitted Data (TXD) input. 

Table 8. Microprocessor Interface Timing 




Parameter 


Symbol 


Min. 


Max. 


Units 


CS Setup Time 


TCS 





- 


ns 


RSi Setup Time 


TRS 


25 


- 


ns 


Data Access Time 


TDA 


- 


75 


ns 


Data Hold Time 


TDHR 


10 


- 


ns 


Control Hold Time 


THC 


10 


- 


ns 


Write Data Setup Time 


TWOS 


20 


- 


ns 


Write Data Hold Time 


TDHW 


10 


- 


ns 









Table 7. 


Digital Interface Characteristics 








Symbol 


Parameter 


input/Output Type 


Units 


lA 


IB 


10 


OA 


OB 


DC 


OD^ 


OE 


VlH 


Input High Voltage 


V 


2.0 min. 


2.0 min. 


(See Note 3 












ViL 


Input Low Voltage 


V 


0.8 max. 


0.8 max. 


in Fig. 9) 












llH 


Input High Current 


mA 




40 max. 














IlL 


Input Low Cun-ent 


mA 




-0.4 max. 














lu 


Input Leakage Current 


^iA 


±2.5 max. 




11 max. 












VOH 


Output High Voltage 


V 








3.5 min.^ 


3.5 min.^ 






2.4 min."* 


Vol 


Output Low Voltage 


V 








0.4 max.^ 


0.4 max.^ 


0.4 max.2 




0.4 max.^ 


lOH 


Output High Cun-ent 


mA 








-0.1 max. 


-0.1 max. 




-0.001 max. 


40 min. 


lOL 


Output Low Current 


mA 








1 .6 max. 


0.8 max. 


1.6 max. 


0.001 max. 


0.4 max. 


Ilo 


Output Leakage Current 


MA 








±10 max. 


± 10 max. 








Cl 


Capacitive Load 


PF 


5 


20 


10 












Cd 




PF 








100 


100 


100 


50 






Circuit Type 




TTL 


TTL 
w/pull-up 


CLK 


TTL 
3-state 


TTL 
3-state 


Open drain 


CLK 


TTL 


N< 

1. 

2. 
3. 


>te8: 

1 Load =- 100 mA 4.1 
1 Load = 1 .6 mA 
1 Load - 0.8 mA 


-oads or 


H 2 MHz and 


6 MHz outputs must be balanced within 20%. 
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READ 



WRITE 



CS 



1 



TRS- 



;i=o-4) vVV/ ^. 



RSi 
(i 



■* — ► 



WRITE 



READ 



Di 

= 0-7) 



-TCS 



'\ r 



TDA- 



/ 



A. 



-THC 



TRS->- 



xyxyxmyxy 



/ 



-TCS 



^' 



C^ 



-TDHR 



-eTWDS-»- 



-THC 



:«s 



^^s^'zumr 



-TDHW 



a. 8085 Bus Compatible (EN85 = L) 



READ 



WRITE 



CS 



1 



TRS* 



RSi 

(1 = 0-4) 



R/W 



SM 



-e-TCS 
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b. 6500 Bus Compatible (EN85 = H) 



Figure 2. Microprocessor Interface Waveforms 
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Received Data (RXD) 

The modem presents received serial data to the local DTE 
on the Received Data (RXD) output. 

Request To Send (RTS) 

Request to Send (RTS ) activ e allows the modem to trans- 
mit da ta on TXD when CTS becomes active. The respon- 
ses to RTS are shown in Table 3. 

Clear To Send (CfS) 

Clear to Send (CTS) active indicates to the local DT E that 
the modem will transmit any data presen t on TXD. CTS 
response times from an active condition of RTS are shown 
in Table 4. 



Received Line Signai Detector (RLSD) 



For V.29 and V.27, Received Line Signal Detector (RLSD) 
goes active at the end of the training sequence. If energy 
is a bove th e turn on threshold and training is not detected, 
the RL SD off-to-on response time is 804 baud time s. The 
RLSD on-to-off time for V.29 is 30 ± 9 ms . The V.27 RLSD 
on-to-off time is 1 1 .6 ± 5 ms. The RLSD on-to-off time en- 
sures that all valid data bits have appeared on RXD. 



The RLSD receive level thresholds default to -43 dBm for 
the off-to-on threshold and to -48 dBm for the on-to-off 
threshold. A minimum hysteresis action of 2 dBm exists 
between the actual off-to-on and on-to-off transition levels. 
The threshold level and hysteresis action are measured 
with an unmodulated 21 00 Hz tone applied to the Receiver 
Analog (RXA) input. Note that performance may be 
degraded when t he received signal level is less than -43 
dBm. The RLSD on and off thresholds are host program- 
mable in DSP RAM. 

Data Ciocic (DCLK) 

The modem provides a single Data Clock (DCLK) output 
which performs the function of a transmitter data clock 
when the modem is transmitting and a receiver data clock 
when the modem is receiving. 

DCLK as the Transmit Data Clock: 

The modem outputs a synchronous transmit Data Clock, 
for USRT timing, when the modem is transmitting. The 
DCLK frequency is 9600, 7200, 4800, 2400, or 300 Hz 
(±0.01%) with a duty cycle of 50 ± 1%. In Group 2, the 
DCLK frequency is 10368 Hz ± 5 ppm when a precision 
oscillator (Y2 in Table 12) is used. 
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Figure 3. Transmitter Signal Timing 
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Figure 4. Receiver Signal Timing 
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Transmit Data (TXD) must be stable during tiie one ^s 
period immediately preceding the rising edge of DCLK and 
following the rising edge of DCLK. 

DCLK as the Receive Data Clock: 

The modem outputs a synchronous receive data clock, for 
USRT timing, when the modem is receiving. The DCLK 
frequency is 9600, 7200. 4800, 2400, or 300 Hz (± 0.01 %) 
with a duty cycle of 50 ±1 %. In Group 2, the DCLK frequen- 
cy is 10368 Hz ± 5 ppm when a precision oscillator (Y2 in 
Table 12) is used. 

ANCILLARY SIGNALS 



Enable 85 (EN85) 



The Enable 85 (EN85) input sele cts th e modem 
microprocessor bus compatibility. When EN85 is low, the 
modem can interface di rectly to an 8085 compatible 
microprocessor bus using READ and WRITE. When EN85 
is high, the modem can interface directly to_a 6500 com- 
patible microproc essor b us using (j)2 and R/W. In t he 6500 
configuration, the READ input becomes (j)2 and the WRITE 
input becomes RA/V. This selec tion is performed when 
power is turned on or when POR is activated. 

Cable Equalizer Select 1 and 2 (CABLE1 and 
CABLE2) 

Modems may be connected by direct wiring, such as 
leased telephone cable or through the PSTN, by means of 
a data access arrangement. In either case, the modem 
analog signal is carried by copper wire cabling for at least 
some of Its route. The cable characteristics shape the 
passband response so that the lower frequencies of the 
passband (300 Hz to 1 700 Hz) are attenuated less than 
the higher frequencies (1700 Hz to 3300 Hz). The longer 
the cable, the more pronounced the effect. 

To minimize the impact of this undesired passband shap- 
ing, a compromise equalizer with more attenuation at the 
lower frequencies than at the higher frequencies can be 
placed in series with the analog signal. The modem in- 
cludes three such equalizers designed to compensate for 
cable distortion. When selected, the equalizers are in- 
serted in the transmit path when transmitting, and in the 
receive path when receiving. Table 2 shows the cable 
equalization. 

The cable length equalization is selected from the 
CABLE1 and CABLE2 input lines as follows: 



CABLE2 


CABLE1 


Length 








0.0 km 





1 


1.8 km 


1 





3.6 km 


1 


1 


7.2 km 



ANALOG SIGNALS 

The Transmitter Analog Output (TXOUT) and Receiver 
Analog Input (RXIN) allow modem connection to either a 
leased line or the PSTN through the appropriate buffering 
and an audio transformer or a data access arrangement. 
The Auxiliary Input (AUXI) provides access to the transmit- 
ter for summing audio signals with the modem's transmit- 
ter analog output. The analog signal characteristics are 
described in Table 9. 

Table 9. Analog Interface Characteristics 



Name 


Type 


Characteristic 


TXOUT 


AA 


Maximum output: 

±3.03 volts 
Minimum load: 

10K Q 
Smoothing filter transfer function: 

28735.63/(s + 1 1 547.34) 


RXIN 


AB 


Input impedance: 

1M Q 
Anti-aliasing filter transfer function: 

21551.72/(3+11547.34) 


AUXI 


AC 


Maximum input frequency: 

4800 Hz 
Input Impedance: 

1M Q 
Gain to TXOUT: 

+5.6 dBm ±1 dBm 



Transmitter Analog Output (TXOUT) 

TXOUT can supply a maximum of ± 3.03 volts into a load 
resistance of 10K ohms minimum. A 600 ohm line im- 
pedance can be matched using an external smoothing fil- 
ter with a 604 ohm series resistor in its output. The 
smoothing filter should have a transfer function of 
28735.63/(s+ 11547.34). 

Receiver Analog Input (RXIN) 

The RXIN input impedance is greater than 1 M ohms. RXIN 
requires an external anti-aliasing filter between the 
modem and the line interface, with a transfer function of 
21551.72/(s + 11547.34). The maximum input level into 
the anti-aliasing filter should not be greater than dBm. 

The filters required tor anti-aliasing on the receiver input 
and the smoothing filter on the transmitter output have a 
single pole within the modem's passband (11,542 
radians). Internal filters compensate for its presence, 
therefore, the pole location must not be changed. Some 
variation from the recommended resistor and capacitor 
values is permitted as long as the pole is not moved, over- 
all gain is presers/ed, and the device is not required to drive 
a load of less than 1 0K ohms (see Recommended Modem 
Interface Circuit.) 
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Auxiliary Anaiog Input (AUXI) 

AUXI allows access to the transmitter for the purpose of in- 
terfacing with user provided equipment. Because this Is a 
sampled input, any signal above 4800 Hz will cause alias- 
ing errors. The input impedance is >1 M ohm, and the gain 
to TXOUT is +5.6 dBm ± 1 dBm. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing necessary to create an os- 
cilloscope quadrature eye pattern. The eye pattern Is 
simply a display of the received baseband constellation. 
By observing this constellation, common line disturbances 
can usually be identified. Timing of these signals is il- 
lustrated in Figure 5 and an example eye pattern genera- 
tion schematic is shown in Figure 6. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit 
streams containing data for display on the oscilloscope X 
axis and Y axis, respectively. This serial digital data must 
first be converted to parallel digital form by two serial-to- 
parallel converters and then to analog form by two digital- 
to-analog (D/A) converters. 

EYEX and EYEY outputs are 1 5-bit words, each with 8-bits 
of significance. The 1 5-bit data words are shifted out most 
significant bit first with the seven most significant bits set 
equal to zero. EYEX and EYEY are clocked by the rising 
edge of EYECLK. 



EYESYNC 



-Ih 



EYEX. 
EYEY 



x3>:zxjl^ 



*74LS74 OUTPUT PIN 9 (FIGURE 6) 



Figure 5. Eye Pattern Timing 



EYECLK 



EYECLK Is a clock provided to create a clock which can 
be used by the serial-to-parallel converters to shift in the 
EYEX and EYEY data (see Figure 5). 

EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 
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Figure 6. Eye Pattern Circuit 
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SOFTWARE INTERFACE 

Modem functions are implemented in firmware executing 
in a single DSP. 

INTERFACE MEMORY 

The DSP communicates with the host processor by means 
of a dual-port, interface memory. The interface memory in 
the DSP contains thirty-two 8-bit registers, labeled register 
00 through 1F. Each register can be read from, or written 
into, by both the host and the DSP. The host can control 
modem operation by writing control bits to DSP interface 
memory and writing parameter values to DSP RAM 
through interface memory. The host can monitor modem 
operation by reading status bits from DSP interface 
memory and reading parameter values from DSP RAM 
through interface memory. 



INTERFACE MEMORY MAPS 

A memory map of the 32 addressable registers In the 
modem is shown in Figure 7. These 8-bit registers may be 
read or written during any host read or write cycle. In order 
to operate on a single bit or a group of bits in a register, the 
host processor must read a register and then mask out un- 
wanted data. When writing a single bit or group of bits in a 
register, the host processor must perfomn a read-modify- 
write operation. That is, the entire register (8-bits) must 
first be read, the necessary bits must be set or reset 
without altering the other register bits, then the byte (8-bits) 
containing both the unaltered and modified bits must be 
written back into the interface memory. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 10 defines the individual bits in the interface 
memory. In the Table 10 descriptions, bits in the interface 
memory are referred to using the format Z:Q. The register 
number is designated by Z (00 through 1F), and the bit 
number by Q (0 through 7, = LSB). 
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(— ) Indicates reserved for modem use only. 



Figure 7. R96MFX DSP Interface Memory Map 
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Table 10. R96MFX Interface Memory Bit Definitions 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



12TH 

ACC1 
ACC2 
ADD1 

ADD2 

BA1 

BA2 



8:4 

5:7 

15:7 

4:0-7 

14:0-7 

1E:0 

1E:3 



1 
17 



11 



BR1 



BR2 



CDET 



5:2 



15:2 



F:0 



Select 12th Order. The one state of 12TH operates the tone detectors as one 12th order fil- 
ter (uses FR3). The zero state of 12TH operates the tone detectors as three parallel Inde- 
pendent 4th order filters (FBI , FR2, F R3). 1 2TH is operable in FSK, Group 2, and tone 
modes, (i.e., CONF - 20, 40, 80; with RTS off.) 

RAM Access 1. When control bit ACC1 is a 1 , the modem accesses the RAM associated 
with the address in ADD1 and the CR1 bit. WRT1 determines if a read or write is performed. 

RAM Access 2. When control bit ACC2 is a 1 , the modem accesses the RAM associated 
with the address in ADD2 and the CR2 bit. WRT2 determines if a read or write is performed. 

RAM Address 1. ADD1 contains the RAM address used to access the modem's X and Y 
Data RAM (CR1 = 0) or X and Y Coefficient RAM (CR1 = 1 ) via the X RAM Data 1 LSB and 
MSB words (2:0-7 and 3:0-7, respectively) and the Y RAM Data 1 LSB and MSB words (0:0- 
7 and 1 :0-7, respectively) . 

RAM Address 2. ADD2 contains the RAM address used to access the modem's X and Y 
Data RAM (CR2 = 0) or X and Y Coefficient RAM (CR2 = 1) via the X RAM Data 2 LSB and 
MSB words (12:0-7 and 13:0-7, respectively) and the Y RAM Data 2 LSB and MSB words 
(10:0-7 and 1 1 :0-7, respectively). 

Buffer Available 1. When set to a 1 , status bit BA1 signifies that the modem has either writ- 
ten diagnostic data to, or read diagnostic data from, the Y RAM DATA 1 LSB (YDAL1) 
register (0:0-7). This condition can also cause IRQ to be asserted (see IE1 and IA1). The 
host writing to or reading from register 00 resets the BA1 and IA1 bits to 0. (See I El and 
IA1.) 

Buffer Available 2. When set to a 1 , status bit BA2 signifies that, when the modem is in 
parallel data mode, it has read register 1 0:0-7 (DBUFF) when transmitting (buffer becomes 
empty), or it has written register 10:0-7 (DBUFF) when receiving (buffer becomes full). 
When the modem is not in parallel data mode, the setting of BA2 to a 1 by the modem sig- 
nifies that the modem has either written diagnostic data to, or read diagnostic dat a fro m, the 
Y RAM DATA 2 LSB (YDAL2) register (10:0-7). These conditions can also cause IRQ to be 
asserted (see IE2 and IA2). The host writing to or reading from register 1 resets the BA2 
and IA2 bits to 0. (See IE2 and IA2.) 

Baud Rate 1. When control bit BR1 is a 1 , RAM access associated with ADD1 occurs at the 
modem baud rate; when BR1 is a 0, RAM access occurs at the modem sample rate. This bit 
must be reset to a zero in G2, FSK, or Tone mode (CONF = 40, 20, or 80, respectively). 

Baud Rate 2. When control bit BR2 is a 1 , RAM access associated with ADD2 occurs at the 
modem baud rate; when BR2 is a 0, RAM access occurs at the modem sample rate. This bit 
must be reset to a zero in G2, FSK, or Tone mode (CONF = 40, 20, or 80, respectively). 

Carrier Detected. When status bit CDET is a 1 , the receiver has finished receiving the train- 
ing sequence, or has turned on due to detecting energy above threshold, and is receiving 
data. When CDET is a 0, the receiver is in the idle state or in the process of training. 
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Table 10. R96MFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



CONF 



6:0-7 



14 



CR1 



CR2 



CTSP 



DBUFF 



EPT 



EQFZ 



5:0 



15:0 



F:1 



10:0-7 



7:3 



9:5 



Configuration. The CONF control bits select one of the following transmitter/receiver con- 
figurations: 

CONF Configuration 



V.29 9600 bps 
V.29 7200 bps 
V.29 4800 bps 
V.27 4800 bps 
V.27 2400 bps 
V.21 Channel 2 300 bps (FSK) 

Group 2 (G2) 

Tone Transm it (RT S or RTSP on), 
Tone Detect (RTS and RTSP off) 



14 
12 
11 
OA 
09 
20 
40 
80 

Configuration Definitions: 

1 . V.29. When a V.29 configuration is selected, the modem operates as specified in 

CCITT Recommendation V.29. 

2. V.27. When a V.27 configuration is selected, the modem operates as specified in 

CCITT Recommendation V.27. 

3. V.21. Channel 2 When the V.21 Channel 2 configuration is selected, the modem 

operates as specified in CCITT Recommendation V.21 channel 2. 

4. Group 2. When the Group 2 configuration is selected, the modem operates as 

specified in CCITT Recommendation T.3. 

5. Tone Transmit. When the Tone Transmit configur ation i s selected, the modem trans- 

mits single or dual frequency tones in response to RTS or RTSP. Tone frequencies 
and amplitudes are programmable in the RAM. 

6. Tone Detect. When the Tone Detect configuration is selected and 12th is set to a 1 , 

the three 4th order tone detect filters are combined into a single 1 2th order tone 
detect filter (FR3) . If 1 2th is not set to a 1 , the three tone detect filters are placed in 
parallel and are independent (FR1 , FR2, and FR3). All tone detect filters are 
programmable. 

Coefficient RAM 1 Select. When control bit CR1 is a 1 , ADD1 addresses Coefficient RAM. 
When CR1 is a 0, ADD1 addresses Data RAM. This bit must be set according to the desired 
RAM address (Table 11). 

Coefficient RAM 2 Select. When control bit CR2 is a 1 , ADD2 addresses Coefficient RAM. 
When CR2 is a 0, ADD2 addresses Data RAM. This bit must be set according to the desired 
RAM address (Table 11). 

Clear To Send Paraiiel. When set to a 1 , status bit CTSP indicates to the DTE that the train- 
ing sequence has been completed and any data present at TXD will be transmitted. CTSP 
parallels the operation of the CTS pin. 

Data Buffer, in the paraiiel data mode, the host obtains received data from the modem by 
reading a data byte from DBUFF; the host sends data to the modem to be transmitted by 
writing a data byte to DBUFF. The data is received and transmitted bit first. 

Echo Protector Tone Enable. When control bit EPT is a 1 , an unmodulated carrier is trans- 
mitted for 187.5 ms followed by 20 ms of no transmitted energy prior to the transmission of 
the training sequence. When EPT is a 0, neither the echo protector tone nor the 20 ms of no 
energy are transmitted prior to the transmission of the training sequence except in V.29 
which transmits 20 ms of silence at the beginning of training. 

Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive 
equalizer taps is inhibited. 
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Table 10. R96MFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


FED 


F:7,6 




Fast Energy Detector. Status bits FED indicates the level of the received signal according 
to the following codes. 

FED Energy Level 

No energy 

1 Invalid 

2 Above Turn-off Threshold 

3 Above Turn-on Threshold 


FR1 


8:5 





Frequency No. 1 . The one state of FR1 indicates that energy is above tone detector 1 's 
detected turn on threshold (default detection range = 21 00 Hz ± 25 Hz in non-Group 2 
mode). FR1 is operable In FSK, Group 2, and tone modes, (i.e., CONF = 20, 40, 80; with 
RTSP and RTS off.) 


FR2 


8:6 





Frequency No. 2. The one state of FR2 indicates that energy is above tone detector 2's 
detected turn on threshold (default detection range = 1 1 00 Hz ± 30 Hz In non-Group 2 
mode). FR2 is operable in FSK, Group 2, and tone modes, (i.e., CONF = 20, 40, 80; with 
RTSP and RTS off.) 


FR3 


8:7 





Frequency No.3. The one state of FR3 indicates that energy is above tone detector 3's 
detected turn on threshold (default detection range = 462 Hz ±14 Hz in non-Group 2 mode). 
FR3 is operable in FSK, high speed, Group 2, and tone modes, (i.e., CONF = 14, 12, 1 1, 
OA, 09, 20, 40, 80; with RTSP and RTS off.) 


G2FGC 


D:3 





Group 2 Fast Gain Control. The one state of G2FGC selects a fast AGO rate (8.6 times 
standard) in Group 2 Facsimile. 


IA1 


1E:6 




Interrupt Active 1. When Interrupt Enable 1 is enabled (IE1 is a 1) and BA1 is set to a 1 by 
the modem, the modem asserts IRQ and sets status bit IA1 to a 1 to indicate that BA1 going 
to a 1 caused the interrupt. The host writing to or reading from register 0:0 resets IA1 to a 0. 
(Seel El andBAL) 


IA2 


1E:7 




Interrupt Active 2. When Interrupt Enable 2 is enabled (IE2 is a 1) and BA2 is set to a 1 by 
the modem, the modem asserts IRQ and sets status bit IA2 to a 1 to indicate that BA2 going 
to a 1 caused the interrupt. The host writing to or reading from register 1 0:0 resets IA2 to a 
0. (See IE2 and BA2.) 


IE1 


1E:2 





Interrupt Enable 1. When control bit lEI is a 1 (interrupt enabled), the modem will assert 
IRQ and set IA1 to a 1 when BA1 is set to 1 by the DSP. When IE1 is a (interrupt dis- 
abled), BA1 has no effect on IRQ and IA1 . (See BA1 and IA1 .) 


IE2 


1E:5 





Interrupt Enable 2. When control bit IE2 is a 1 (jpterrupt enabled), the modem will assert 
IRQ and set IA2 to a 1 when BA2 is set to 1 by the DSP. When IE2 is a (interrupt dis- 
abled), BA2 has no effect on IRQ and IA2. (See BA2 and IA2.) 


RDM 


7:5 





Parallel Data Mode. When control bit PDM is a 1 and the modem is a transmitter, it accepts 
data for transmission from DBUFF (1 0:0-7) rather than the TXD input. When PDM is a 1 and 
the modem is a receiver, the modem provides the received data to the host using DBUFF 
(10:0-7). 


PN 


D:6 


- 


PN Sequence Detected. When status bit PN is a 1 , the receiver is detecting the PN portion 
of the training sequence. When PN is a 0, PN is not being detected. 


RTSP 


7:7 





Request To Send Parallel. The one state of RTSP begins a transmit sequence. The 
modem will continue to transmit until RTSP is turned off, and the turn-off sequence has 
been completed. RTSP parallels the operation of the hardware RTSP control input. These 
inputs are "ORed" by the modem. 
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Table 10. R9eMFX Interface Memory Bit Definitions (Cont'd) 





Memory 


Default 




Mnemonic 


Location 


Value 


Name/Description 


RX 


D:7 


- 


Receive State. When status bit RX is a 1 , the modem is in the receive state and is not trans- 
mitting. 


SETUP 


1F:0 





Setup. Control bit SETUP bit must be set to a 1 by the host after the host writes a configura- 
tion code into the CONF bits (register 6:0-7) or changes a bit in 7:0-6 (register 7 bits 
through 6). This informs the modem to implement the configuration change. The modem 
resets the SETUP bit to a when the configuration change is implemented. 


SQEXT 


7:2 





Squelch Extend. When control bit SQEXT is a 1 , the modem's receiver is inhibited from the 
reception of any signal for 1 40 ms after the transmitter turn-off. 


T2 


7:1 





T/2 Equalizer Select. When control bit T2 is a 1 , the linear section of the receiver's adaptive 
equalizer is T/2 fractionally spaced. When T2 is a 0, the equalizer is T spaced (T = 1 baud 
time). 


TDIS 


7:6 





Training Disabie. When control bit TDIS is a 1 , the modem as a receiver is prevented from 
recognizing a training sequence and entering the training state; as a transmitter the modem 
will not transmit the training sequence when RTS or RTSP is activated. 


WRT1 


5:1 





RAM Write 1 . When control bit WRT1 is a 1 and ACC1 is set to a 1 , the modem writes the 
data from the Y RAIVI Data 1 registers into its internal RAIVI at the location addressed by 
ADD1 and CR1 . (When the most significant bit of ADD1 is a 0, the write is performed to the 
X RAM location; when a 1 , the write is to the Y RAIVI location.) When WRT1 is a and 
ACC1 is set to a 1 , the modem reads data from its internal RAM from the locations ad- 
dressed by ADD1 and CR1 and stores it into the X RAM Data 1 registers and Y RAM Data 1 
registers, respectively. 


WRT2 


15:1 





RAM Write 2. When control bit WRT2 is a 1 and ACC2 is set to a 1 , the modem writes the 
data from the Y RAM Data 2 registers into its internal RAM at the location addressed by 
ADD2 and CR2. (When the most significant bit of ADD2 is a 0, the write is performed to the 
X RAM location; when a 1 , the write is to the Y RAM location.) When WRT2 is a and 
ACC2 is set to a 1 , the modem reads data from its internal RAM from the locations ad- 
dressed by ADD2 and CR2 and stores it into the X RAM Data 2 registers and Y RAM Data 2 
registers, respectively. 


XDAL1 


2:0-7 


- 


X RAM Data 1 LSB. XDAL1 is the least significant byte of the 16-bit X RAM 1 data word 
used in reading X RAM locations. 


XDAL2 


12:0-7 


- 


X RAM Data 2 LSB. XDAL2 Is the least significant byte of the 1 6-bit X RAM 2 data word 
used in reading X RAM locations. 


XDAM1 


3:0-7 


- 


X RAM Data 1 MSB. XDAM1 is the most significant byte of the 16-bit X RAM 1 data word 
used in reading X RAM locations. 


XDAM2 


13:0-7 




X RAM Data 2 MSB. XDAM2 is the most significant byte of the 1 6-bit X RAM 2 data word 
used in reading X RAM locations. 


YDAL1 


0:0-7 


- 


Y RAM Data 1 LSB. YDAL1 is the least significant byte of the 16-bit Y RAM 1 data word 
used in reading or writing Y RAM locations in the modem. 


YDAL2 


10:0-7 


- 


Y RAM Data 2 LSB. YDAL2 is the least significant byte of the 16-bit Y RAM 2 data word 
used in reading or writing Y RAM locations in the modem. 


YDAM1 


1:0-7 


- 


Y RAM Data 1 MSB. YDAM1 is the most significant byte of the 16-bit Y RAM 1 data word 
used in reading or writing Y RAM locations in the modem. 


YDAM2 


11:0-7 




Y RAM Data 2 MSB. YDAM2 is the most significant byte of the 16-bit Y RAM 2 data word 
used in reading or writing Y RAM locations in the modem. 
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DSP RAM ACCESS 

Table 1 1 provides the RAM access functions, codes, and 
registers. 

DSP RAM Organization 

The DSP contains 1 6-blt words of random access memory 
(RAM). Because the DSP is optimized for performing com- 
plex arithmetic, the RAM is organized into real (X RAM) 
and Imaginary (Y RAM) parts. The host processor can 
read or write both the X RAM and the Y RAM. 

Interface Memory Access to DSP RAM 

The Interface memory acts as an intermediary during host 
to DSP RAM, or DSP RAM to host, data exchanges. The 
address stored in DSP interface memory RAM Address 
registers by the host determines the DSP RAM address for 
data access. 

The 16-bit words are transferred between DSP RAM and 
DSP Interface memory once each baud or sample time, as 



selected by the BR1 and BR2 bits. The baud rate is deter- 
mined by the selected configuration, but the sample rate is 
fixed at 9600 Hz, except in Group 2 where the sample rate 
is 10368 Hz. 

Two RAM Access bits in the DSP interface memory tell the 
DSP to access the X RAM and/or Y RAM. The transfer is 
initiated by the host setting the ACC1 and/or the ACC2 
bit(s). The DSP tests these bits each baud or sample 
period, except in G2, FSK and Tone mode where these 
bits are always tested at the sample period, except in 02, 
FSK or Tone mode where these bits are always tested at 
the sample period. 

If parallel data mode is selected, RAM access associated 
with RAM Address 2 is disabled and only RAM access as- 
sociated with RAM Address 1 is available. 



Table 11. R96MFX RAM Access Codes 



Function 


BRx 


CRx 


ADDx 


Read Reg. No. 


Received Signal Samples 








15 


2,3 


Received Signal Samples FSK 








31 


2.3 


Demodulator Output 








13 


0,1,2,3 


Lowpass Filter Output 








02 


0,1,2,3 


Average Energy 








14 


2,3 


AGC Gain Word 





1 


15 


2,3 


Tone 1 Frequency 





1 


21 


2,3 


Tone 1 Level 








22 


2.3 


Tone 2 Frequency 





1 


22 


2,3 


Tone 2 Level 








23 


2,3 


Output Level 








21 


2.3 


Equalizer Input (Real) 







IE 


0.1 


Equalizer Input (Imag) 




1 


IE 


0.1 


Equalizer Tap Coefficients 




1 


38-5F 


0,1,2,3 


Unrotated Equalizer Output 







1C 


0,1,2,3 


Rotated Equalizer Output (Eye Pattern) 




1 


17 


0.1,2,3 


Decision Points (Ideal) 







17 


0,1,2,3 


Error Vector 




1 


ID 


0,1,2,3 


Rotation Angle 




1 


DC 


0,1 


Frequency Correction 




1 


18 


2,3 


Eye Quality Monitor (EQM) 




1 


CD 


2,3 


Turn-on Threshold (RLSD) 





1 


37 


2,3 


Turn-off Threshold (RLSD) 





1 


B7 


0.1 


Group 2 PLL Frequency Correction 








CD 


2,3 


Group 2 Zero Crossing Threshold (Negative) 








19 


2.3 


Group 2 Zero Crossing Threshold (Positive) 








99 


0,1 


Group 2 AGC Slew Rate 





1 


05 


2.3 


Group 2 Black-White Threshold 








24 


2,3 


Group 2 Phase Limit Value 








1A 


2,3 


Receiver Sensitivity 





1 


24 


2.3 
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DSP RAM Read Procedure 

The RAM read procedure is a 32-bit transfer from DSP 
RAM to the interface memory which transfers both the X 
RAM and Y RAM simultaneously. Before reading from 
DSP interface memory, set ACC1 and/or ACC2 to a 0, 
then reset BA1 or BA2 by reading YDAL1 or YDAL2. Set 
WRT1 and/or WRT2 to a to inform the DSP that a RAM 
read will occur when ACC1 and/or ACC2 is set to a 1 . Load 
the RAM address into RAM Address 1 and/or RAM Ad- 
dress 2, then set CR1 and/or CR2 appropriately. Set 
ACC1 and/or ACC2 to a 1 to signal the DSP to perform the 
RAM read. When the DSP has transferred the contents of 
RAM into the interface memory RAM Data registers, BA1 
and/or BA2 will be set. 

If IE1 and/or the I E2 is a 1 , IRQ is also as serte d when BA1 
and/or BA2 set to a 1 by the DSP. When IRQ is asserted, 
I A1 and/or IA2 goes to a 1 to inform the host that setting of 
BA1 and/or BA2 was the cause. IA1 and/or IA2 is cleared 
by th e host reading YDAL1 and/or YDAL2, which causes 
IRQ to return high if no other interrupt requests are pend- 
ing. 

DSP RAM Write Procedure 

The RAM write procedure is a 1 6- bit transfer from interface 
memory to DSP RAM allowing the transfer of X RAM data 
or Y RAM data to occur each baud or sample time. Before 
writing to DSP interface memory, set ACC1 and/or ACC2 
to a 0; then reset BA1 or BA2 by reading YDAL1 or 
YDAL2, respectively. Set WRT1 and/or WRT2 to a 1 to in- 
form the DSP that a RAM write will occur when ACC1 
and/or ACC2 is set to a 1 . Load the RAM address into RAM 
Address 1 and/or RAM Address 2, then set CR1 and/or 
CR2 appropriately. Write the desired data into the Inter- 
face memory RAM Data registers YDAL1 and YDAM1 
and/or YDAL2 and YDAM2, then set ACC1 and/or ACC2 
to a 1 to signal the DSP to perform the RAM write. When 
the DSP has transferred the contents of the interface 
memory RAM Data registers into RAM, BA1 or BA2 will be 
set. 



If IE1 and/or IE2 is a 1 , IRQ is also asserted and IA1 and/or 
I A2 is set to a 1 when BA1 and/or BA2 is set to a 1 by the 
DSP. IA1 and/or IA2 is cleared by writing into YDAL1 
and/or YDAL2, which causes IRQ to return high if no other 
interrupt requests are pending. 

PERFORMANCE 
TYPICAL BIT ERROR RATES 

The bit error rate (BER) performance of the modem Is 
specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56. Bit error rates 
are measured at a received line signal level of -20 dBm as 
illustrated. 

Typical BER performance is shown in Figure 8. 

The curves shown in Figure 8 were prepared from data ob- 
tained using a TAS 1000 communication test system. 

TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10"^ or 
less with a signal-to-noise ratio of 12.5 dB in the presence 
of 1 5° peak-to-peak phase jitter at 1 50 Hz or with a signal- 
to-noise ratio of 1 5 dB in the presence of 30° peak-to-noise 
phase jitter at 120 Hz. 

At 4800 bps (V.27 ter), the modem exhibits a bit error rate 
of 10"^ or less with a signal-to-noise ratio of 19 dB in the 
presence of 1 5° peak-to-peak phase jitter at 60 Hz. 

At 7200 bps (V.29), the modem exhibits a bit error rate of 
10"^ or less with a signal-to-noise ratio of 25 dB in the 
presence of 12 peak-to-peak phase jitter at 300 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10"^ or 
less with a signal-to-noise ratio of 23 dB in the presence of 
10° peak-to-peak phase jitter at 60 Hz. The modem ex- 
hibits a bit error rate of 10"^ or less with a signal-to-noise 
ratio of 23 dB in the presence of 20° peak-to-peak phase 
jitter at 30 Hz. 
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(Unconditioned 3002 Line, T Equalizer Level - 20 dBm) 



Figure 8. R96MFX Typical Bit Error Rate (BER) Curves 
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APPLICATION 

RECOMMENDED MODEM INTERFACE CIRCUIT 

The R96MFX is supplied as a 64-pin QUIP (Quad in-line 
Package) device to be designed into original equipment 
manufacturer (OEM) circuit boards. The recommended 
modem interface circuit (Figure 9) and parts list (Table 12) 
illustrate the connections and components required to 
connect the modem to the OEM electronics. 

If the auxiliary analog input (pin 26) is not used, resistors 
R10 and R16 can be eliminated and pin 26 must be con- 
nected to analog ground (pin 24). When the cable 
equalizer controls CABLE1 and CABLE2 are connected to 
long leads that are subject to picking up noise spikes, a 3K 
ohm series resistor should be used on each input (pins 32 
and 33) for isolation. 

Resistors R7 and R17 can be used to trim the transmit 
level and receive threshold to the accuracy required by the 
OEM equipment. For a tolerance of ±1 dBm, the 1 % resis- 
tor values shown are correct for more that 99.8% of the 
units. 



Table 13. TC0-706AB Oscillator Specifications 



Characteristic 


Value 


Frequency 


24.00014 MHz 


Frequency Stability 




vs. Temperature 


± 5 ppm (CO - eCC) 


vs. input Voltage 


±1 ppm at 4.75 V -5.25 V 


vs. Aging 


1 ppm/year 


Frequency Tolerance 


±2 ppm 


Frequency Adjustment 




by Internal Trimmer 


± 5 ppm min. 


Operating Temperature 


0^0 - 60° 


Input Voltage 


5.0 V ±0.5% (4.75 V -5.25 V) 


Output 




Symmetry 


50% ± 1 0% (40% - 60%) 


Drive 


CL = 1 5 pF 


Type 


CMOS: Low = 0.5 V, 




High = Vcc (4.5 V) 


Package 


14-pin DIP 




Table 12. Typical R96MFX Modem Interface Parts List 



Component 


Component 


IVIanufacturer's 


Suggested 


Designation 


Value 


Part Number 


Manufacturer 


C11,C13 


1000pF±5%,50V 


O124O102J5G5OA 


Kemet 


C7,C8,C9,C12,C14 


0.1 \iF ±20%, 50V 


592OX7R104M050B 


Sprague 


04, C6 


0.33 iiF ±20%, 50V 






010 


1.0 ^F ±20%, 50V 


SMO50T1R0M5X12 


United Ohem-con 


05 


10.0 jiF±10%,25V 


EOEBEF100 


Panasonic 


02 


18pF±5%, 50V 






03 


39 pF ±5%, 50V 






R4 


3 Q ± 5%. 1/4W 


43OX3R000J 


Mepco Eiectra 


R12 


255Q±1%, 1/4W 






RIO, R16 


1 KQ±5%, 1/4W 


5043OX1K00J 


Mepco Eiectra 


R2, R6 


3KQ±5%, 1/4W 


5043OX3K00J 


Mepco Eiectra 


R18 


10KQ±1%, 1/4W 






R7 


34.8Kfi±1%, 1/4W 






R17 


46.4KQ±1%, 1/4W 


ORB1/4XF46K4 


R-Ohm 


R11 


36.5KQ±1%, 1/4W 


ORB1/4XF36K5 


R-Ohm 


R14,R15 


86.6KQ±1%, 1/4W 


OML1/10T86.6KQ±1% 


Dale Electronics 


R5 


2.7 MQ± 5%, 1/4W 


5043OX2M700J 


Mepco Eletra 


0R1 


-5.1V 1%, regulator 


1N4625D 


Motorola 


Y1 


24.00014, MHz 






Y2 


24.00014, MHz 


TO0-706AB^ 


Toyocom 


Note: 1. See Table 13 for 
may alternativly 


specifications. The TO0-706AB1 
be used (See Note 3 in Figure 9 


is the only square wave generator 
)• 


ecommended. A sine wave oscillator 
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V.24 

SERIAL 

INTERFACE 




MICROPROCESSOR 

BUS 

INTERFACE 



EYE 

DIAGNOSTIC 

INTERFACE 



Y2 24.00014MHz 



(ro) OVF 7 
X^ NO 



XTLI 
XTLO 



NOTES: 

1. NC INDICATES DO NOT CONNECT. 

2. CONFIGURATION WHEN GROUP 2 
NOT REQUIRED. 
Y1: 24.00016 MHz 

PARALLEL RESONANT 

Cl = 18 PF 

Rs = 25 Q MAX. 

3. THE OSCILLATOR SPECIFIED IN TABLE 13 
IS A SQUARE WAVE GENERATOR. A SINE 
WAVE OSCILLATOR OF EQUAL ACCURACY 
MAY BE USED, BUT THE INPUT TO PIN 6 
MUST BE CAPACITIVELY COUPLED (e.g., 0.1^) 
AND THE OSCILLATOR OUTPUT MUST BE 3.5 
VOLTS PEAK-TO-PEAK ± 14% OVER THE 
MODEM'S OPERATING ENVIRONMENTAL RANGE. 



Figure 9. Recommended R96MFX Modem Interface Circuit 
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PC BOARD LAYOUT CONSIDERATIONS 

1 . The R96MFX and all supporting analog circuitry, in- 
cluding the data access arrangement if required, 
should be located on the same area of printed circuit 
board. 

2. Ail power traces should be at least a 0.1 inch width. 

3. If the power source is located more than approximate- 
ly 5 inches from the modem, a decoupling capacitor 
of 10 p.F or greater should be placed in parallel with 
04 near pins 10 and 49. 

4. All circuitry connected to pins 6 and 7 should be kept 
short to prevent stray capacitance from affecting the 
oscillator. 

5. Pin 22 should be tied directly to pin 24 at the modem 
package. Pin 24 should tie directly, by a dedicated 
path, to the common ground point for analog and digi- 
tal ground. 

6. An analog ground plane should be supplied beneath 
ail analog components. The analog ground plane 
should connect to pin 24 and to all analog ground 
points shown in Figure 10. 

7. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane 
should connect to pin 49 and to all digital ground 
points shown in Figure 10, plus the crystal-can 
ground. 

8. The modem package should be oriented relative to 
the two ground planes so that the end containing pin 
1 is toward the digital ground plane and the end con- 
taining pin 32 is toward the analog ground plane. 

9. As a general rule, digital signals should be routed on 
the component side of the PCB while the analog sig- 
nals are routed on the solder side. The sides may be 
reversed to match a particular OEM requirement. 

10. Routing of the modem signals should provide maxi- 
mum isolation between noise sources and sensitive 
inputs. When layout requirements necessitate routing 
these signals together, they should be separated by 
neutral signals. Refer to Table 1 4 for the noise charac- 
teristics of each modem pin. 



Table 14. Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive ] 


High 


Low 


High 


Low 


1 


6 


3 


23 


26 


2 


7 


4 


27 


28 


12 


8 


5 


32 




17 


9 


10 


33 




18 


11 


13 


35 




19 


14 


22 


36 




20 


15 


24 


37 




21 


16 


25 






30 


45 


29 






38 


46 


31 






39 


48 


34 






40 




42 






41 




43 






44 




47 






50 




49 






51 










52 










53 










54 










55 










56 










57 










58 










59 










60 










61 










62 










63 










64 
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PC BOARD LAYOUT CONSIDERATIONS 

1 . The R96MFX and all supporting analog circuitry, in- 
cluding the data access arrangement if required, 
should be located on the same area of printed circuit 
board. 

2. All power traces should be at least a 0.1 inch width. 

3. If the power source is located more than approximate- 
ly 5 inches from the modem, a decoupling capacitor 
of 1 ^iF or greater should be placed in parallel with 
04 near pins 1 and 49. 

4. All circuitry connected to pins 6 and 7 should be kept 
short to prevent stray capacitance from affecting the 
oscillator. 

5. Pin 22 should be tied directly to pin 24 at the modem 
package. Pin 24 should tie directly, by a dedicated 
path, to the common ground point for analog and digi- 
tal ground. 

6. An analog ground plane should be supplied beneath 
all analog components. The analog ground plane 
should connect to pin 24 and to all analog ground 
points shown in Figure 1 0. 

7. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane 
should connect to pin 49 and to all digital ground 
points shown in Figure 10, plus the crystal-can 
ground. 

8. The modem package should be oriented relative to 
the two ground planes so that the end containing pin 
1 is toward the digital ground plane and the end con- 
taining pin 32 is toward the analog ground plane. 

9. As a general rule, digital signals should be routed on 
the component side of the PCB while the analog sig- 
nals are routed on the solder side. The sides may be 
reversed to match a particular OEM requirement. 

10. Routing of the modem signals should provide maxi- 
mum isolation between noise sources and sensitive 
inputs. When layout requirements necessitate routing 
these signals together, they should be separated by 
neutral signals. Refer to Table 1 4 for the noise charac- 
teristics of each modem pin. 



Table 14. Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive 


High 


Low 


High 


Low 


1 


6 


3 


23 


26 


2 


7 


4 


27 


28 


12 


8 


5 


32 




17 


9 


10 


33 




18 


11 


13 


35 




19 


14 


22 


36 




20 


15 


24 


37 




21 


16 


25 






30 


45 


29 






38 


46 


31 






39 


48 


34 






40 




42 






41 




43 






44 




47 






50 




49 






51 










52 










53 










54 










55 










56 










57 










58 










59 










60 










61 










62 










63 










64 
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INTRODUCTION 

The Rockwell R96EFX MONOFAX is a synchronous 9600 
bits per second (bps) half-duplex modem with error detec- 
tion in a single 64-pin quad-in-line package (QUIP). The 
R96EFX can operate over the public switched telephone 
network (PSTN) through line terminations provided by a 
data access arrangement (DAA). 

The modem satisfies the telecommunications require- 
ments specified in CCITT recommendations V.29, V.27 
ter, V.21 Channel 2, T.3, and T.4, and the binary signaling 
requirements of T.30. The R96EFX can operate at speeds 
of 9600, 7200, 4800, 2400, and 300 bps, and also includes 
the V.27 ter short training sequence option. The R96EFX 
can also perform HDLC framing according to T.30 at 
speeds of 9600, 7200, 4800, 2400, and 300 bps. 

The R96EFX is designed for use in Group 3 and Group 2 
facsimile machines. The modem's small size and low 
power consumption allow the design of compact system 
enclosures for use in both office and home environments. 

MONOFAX is a registered trademark of Rockwell International 
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63 
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3 


62 
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61 
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8 


57 
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9 
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+ 5VD 1 


10 
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11 


54 
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12 


53 
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13 


52 
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14 
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15 
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17 
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19 
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20 


45 


1 RXD 


DAGUT czz: 


21 


44 


ZZ] EYEY 
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22 


43 


1 PORO 


AGCIN [Z= 


23 


42 


1 RCI 
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24 
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R96EFX Pin Assignments 



FEATURES 

• Single 64-pin QUIP 

• CCITT V.29, V.27 ter and V.27 ter short train option, 
T.30, V.21 Channel 2, T.4, T.3 

• Group 3 and Group 2 Facsimile Transmission/ 
Reception 

• Half-Duplex (2-Wire) 

• Programmable Dual Tone Generation 

• Programmable Tone Detection 

• Programmable Turn-on and Turn-off Thresholds 

• Programmable Transmit Output Level 

• HDLC Framing at All Speeds 

• Programmable Interface Memory Interrupt 

• Diagnostic Capability 

- Allows Telephone Line Quality Monitoring 

• Equalization 

- Automatic Adaptive 

- Compromise Cable (Selectable) 

• DTE Interface: Two Alternate Ports 

- Selectable Microprocessor Bus (6500 or 8085) 

- CCITT V.24 (RS-232-C Compatible) Interface 

• TTL and CMOS Compatible 

• Low Power Consumption: 500 mW (Typical) 
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TECHNICAL SPECIFICATIONS 

CONFIGURATIONS, SIGNALING RATES AND DATA 
RATES 

The selectable modem configurations, along with the cor- 
responding signaling (baud) rates and data rates, are 
listed in Table 1 . 

TONE GENERATION 

Under control of the host processor, the modem can 
generate voice-band single or dual tones from Hz to 
4800 Hz with a resolution of 0.15 Hz and an accuracy of 
0.01%. Tones over 3000 Hz are attenuated. Dual tone 
generation allows the modem to operate as a program- 
mable DTMF dialer. 

DATA ENCODING 

The data encoding conforms to CCITT recommendations 
V.29, V.27, V.21 Channel 2, and T.3. 

CABLE EQUALIZERS 

Equalization functions are provided that improve perfor- 
mance when operating over low quality lines. 

The integrated analog section of the R96EFX has selec- 
table cable equalizers with the characteristics shown in 
Table 2. Choose specific cable equalizers by strapping 
CABLE1 and CABLE2 to either +5V or GND (see 
Hardware Interface). The chosen filter functions in both 
transmit and receive paths depending on operating mode. 

ADAPTIVE EQUALIZER 

An adaptive equalizer in V.29 and V.27 modes compen- 
sates for transmission line amplitude and group delay dis- 
tortion. 



TRANSMITTED DATA SPECTRUM 

The transmitted data spectrum is shaped in the baseband 
by an excess bandwidth finite Impulse response (FIR) fil- 
ter with the following characteristics: 

When operating at 2400 baud, the transmitted spectrum is 
shaped by a square root of 20% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic over the band of 
700 Hz to 2700 Hz, and the energy density at 500 Hz and 
2900 Hz is attenuated 4.5 ± 2.5 dBm with respect to the 
maximum energy density between 500 Hz and 2900 Hz. 

When operating at 1 600 baud, the transmitted spectrum is 
shaped by a square root of 50% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic, and the energy 
density at 1000 Hz and 2600 Hz is attenuated 3.0 ± 2.0 
dBm with respect to the maximum energy density between 
1000 Hz and 2600 Hz. 

When operating at 1200 baud, the transmitted spectrum is 
shaped by a square root of 90% raised cosine filter. This 
filter shapes the spectrum so that with continuous binary 
ones applied, the resulting transmitted spectrum has a 
substantially linear phase characteristic, and the energy 
density at 1200 Hz and 2400 Hz is attenuated 3.0 ± 2.0 
dBm with respect to the maximum energy density between 
1200 Hz and 2400 Hz. 

The transmit spectrum characteristics assume that the 
cable equalizers are disabled. 

Table 2. Cable Equalizer Characteristics 



Frequency 


Gain dB Relative to 1700 Hz 
for Length of 0.4 mm Cable 





1.8 km 


3.6 km 


7.2 km 


700 
1500 
2000 
3000 


0.00 
0.00 
0.00 
0.00 


-0.99 
-0.20 
+0.15 
+1.43 


-2.39 
-0.65 
+0.87 
+3.06 


-3.93 
-1.22 
+1.90 
+4.58 









Carrier 


Data 














Frequency 


Rate 




Bits 










(Hz) 


(bps) 


Baud 


per 


Constellation 


Configuration 


IModulation^ 




±0.01% 


±0.01% 


(Symbols/Sec.) 


Symbol 


Points 


v.29 9600 


QAM 




1700 


9600 


2400 


4 


16 


V.29 7200 


QAM 




1700 


7200 


2400 


3 


8 


V.29 4800 


QAM 




1700 


4800 


2400 


2 


4 


V.27 4800 


DPSK 




1800 


4800 


1600 


3 


8 


V.27 2400 


DPSK 




1800 


2400 


1200 


2 


4 


V.21 300 


FSK 




1650,1850 


300 


300 


1 


- 


T.3 (Group2) 


VSAMPM 




2100 


- 


- 


- 


- 


Single and Dual 
















Tone Transmit 
















Notes: 1 . Modula 


Ion legend: 


QAM Quadrature Amplitude Modulation 

DPSK Differential Phase Shift Keying 

FSK Frequency Shift Keying 

VSAMPM Vestigial Sideband Amplitude Modulation - Phs 










ise Modulation 
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The out-of-band transmitter energy levels in the 4 kHz - 
50 kHz frequency range are below -55.0 dBm. 

TURN-ON SEQUENCE 

Transmitter turn-on sequence times are shown in Table 3. 

TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of ap- 
proximately 10 ms of remaining data and scrambled ones 
at 1 200 baud or approximately 7 ms of data and scrambled 
ones at 1 600 baud followed by a 20 ms period of no trans- 
mitted energy. For V.29, the turn-off sequence consists of 
approximately 5 ms of remaining data and scrambled ones 
followed by a 20 ms period of no transmitted energ y. In 
V.21 , the transmitter turns off within 7 ms after RTS goes 
false. In G roup 2 the transmitter turns off within 200 ^as 
after RTS goes false. When operating in parallel data 
mode, the turn-off sequence may be extended by 8 bit 
times. 

TRANSMIT LEVEL 

The transmitter output level is programmable in the DSP 
RAM from dBm to -15.0 dBm and is accurate to ± 1.0 
dBm. The output level is adjusted by the modem by digi- 
tally scaling the output to the transmitters digital-to-analog 
converter. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing 
scram bler/descrambler in accordance with CCITT V.29 or 
V.27 recommendations, depending on the selected con- 
figuration. 

RECEIVE LEVEL 

The receiver satisfies V.29 and V.27 performance require- 
ments for received line signal levels from dBm to -43 
dBm. An external input buffer and filter must be supplied 
between the Receiver Analog Input (RXA) and RXIN. The 
received line signal level is measured at the RXA input. 
The default turn on and turn off RLSD threshold levels are 
- 43 dBm and - 48 dBm, respectively. These levels are 
measured with an unmodulated 2100 Hz tone at RXA. 



Table 3. Turn-On Sequences 


Configuration 


RTS On to CIS On 


Echo 
Protector 

Tone 
Disabled 


Echo 
Protector 

Tone 
Enabled 


v.29 (All Speeds) 


253 ms 


441 ms 


v.27 4800 bps Long Train 


708 ms 


913 ms 


V.27 4800 bps Short Train 


50 ms 


255 ms 


v.27 2400 bps Long Train 


943 ms 


1148 ms 


V.27 2400 bps Short Train 


67 ms 


272 ms 


V.21 300 bps 


^14 ms 


^14 ms 


Group 2 


:S400 [xs 


i400|xs 



The RLSD threshold levels can be programmed over the 
following range: 

Turn on: -10 dBm to -47 dBm 
Turn off: -10 dBm to -52 dBm 

RECEIVER TIMING 

The timing recovery circuit can track a ± 0.01% frequency 
error in the associated transmit timing source. 

CARRIER RECOVERY 

The carrier recovery circuit can track a ± 7 Hz frequency 
offset in the received carrier with less than a 0.2 dBm 
degradation in bit error rate (BER). 

CLAMPING 

Received Data (RXD) is clamped to a c onstant mark 
whenever the Received Line Signal Detector (RLSD) is off. 

TONE DETECTION 

The tone detector signal path is separate from the main 
received signal path enabling tone detection to be Inde- 
pendent of the receiver status. Tone detector 3 operates 
in all receive modes. 

The filter coefficients of each filter are host programmable 
In RAM. The output of the tone detector filter goes to an 
energy detector. 

GENERAL SPECIFICATIONS 

The modem power and environmental requirements are 
shown in Tables 4 and 5, respectively. 



Table 4. Power Requirements 




Voltage 


Current (Typ.) 

@25°C 


Current (Max.) 
@0°C 


+5 VDC ±5% 
- 5 VDC ±5% 


85 mA 
15 mA 


< 125 mA 
^30mA 


Note: All voltages must have ripple less then 0. 1 volts peak-to- 
peak. If a switching supply is chosen, the user may 
select any frequency between 20 KHz and 1 50 KHz so 
long as no component of the switching frequency is 
present outside of the power supply with an amplitude 
greater than 500 piV peak. 



Table 5. 


Environmental Requirements 


Parameter 


Specification 


Temperature 




Operating 


0° C to +70° C (32° F to 158° F) 


Storage 


-40° C to +80° C (-40° F to 1 76° F) 




(Stored in a suitable anti-static 




container) 


Relative Humidity 


Up to 90% noncondensing, 




or a wet bulb temperature up to 




35° C, whichever is less. 
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HARDWARE INTERFACE SIGNALS 

The functional interconnect diagram (Figure 1) sliows the 
typical modem connection in a system. In this diagram, 
any point that is active when exhibiting the relatively more 
negative voltage of a two-voltage system (e.g., VDC for 
T7L or -12 VDC for RS-232-C) Is called active low and Is 
represented by a small circle at the signal point. The par- 
ticular voltage levels used to represent the binary states 
do not change the logic symbol. 

Two types of I/O points that may cause confusion are 
edge-triggered inputs and open-collector (open-source or 
open-drain) outputs. These signal points include the addi- 
tional notat ion of a small triangle or a small half-circle (see 
signal IRQ) . Activ e low signals are named with an over- 
score (e.g., POR), 

A clock intended to activate logic on its rising edge (low- 
to-high transition) is called active low, while a clock In- 
tended to activate logic on its falling edge (high-to-low 
transition) is called active high. When a clock input Is as- 
sociated with a small circle, the input activates on a falling 
edge. If no circle is shown, the input activates on a rising 
edge. 



The hardware interconnect signals shown in Figure 1 are 
organized into eight functional groups: power, 
microprocessor interface, V.24 interface, cable equalizer, 
analog signals, overhead, reserved, and serial diagnostic 
interface. These signals, along with their connector pin 
numbers and interface circuit types, are listed in Table 6. 
The digital interface characteristics are defined in Table 7. 

POWER-ON-RESET 

When power is ap plied to the modem, the modem pulses 
Power-On-Reset (POR) low to begin th e POR sequence. 
350 ms after the low-to-high transition of POR, the modem 
is ready to use. The POR sequence is reinitiated any time 
the + 5V supply drops belo w + 3 .5V for more than 3 ms, 
or an external device drives POR low for at least 3 \is. POR 
is not pulsed low by the modem when the POR sequence 
is initiated externally. The POR sequence initializes the 
modem interface memory (Table 10) to default values. 
This action leaves the modem configured as follows: 

• V.29 9600 bps 

• Serial channel data 

• T Equalizer 

• Standard echo suppressor tone 

• -43 dBm receiver turn-on threshold 
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Figure 1. R96EFX Functional Interconnect Diagram 
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Microprocessor Interface 

Seventeen address, data, control, and interrupt hardware 
interface signals allow modem connection to an 8085 or 
6500 bus compatible microprocessor. With the addition of 
external logic, the interface can be made compatible with 
a wide variety of other microprocessors such as the 8080 
or 68000. 

The microprocessor interface allows a microprocessor to 
change modem configuration, read or write channel and 
diagnostic data, and supervise modem operation by writ- 
ing control bits and reading status bits. The significance of 
the control and status bits, along with the methods of data 
interchange, are discussed in the Software Interface Sec- 
tion. 



Chip Seiect (CS) and Register Selects (RS0-RS4). 

The Chip Select (CS) input enables the modem digital sig- 
nal processor (DSP) device. The five active high register 
select lines (RS0-RS4) address Interface memory 
registers within the selected DSP interface memory. All six 
of these lines are typically connected to the host bus ad- 
dress lines; the register select lines to the five least sig- 
nificant lines (A0-A4), and the chip select line to the next 
significant line (A5) through a decoder. The DSP decodes 
RSO through RS4 to address one of 32 internal interface 
memory registers (00-1 F). The most significant address bit 
is RS4 and the least significant address bit is RSO. The 
selected register can be read from, or written into, via the 
8-blt parallel data bus (D0-D7). The most significant data 
bit is D7 and the least significant data bit is DO. 



Table 6. R96EFX Hardware interface Signals 



Table 6. R96EFX Hardware Interface Signals (Cont'd) 



Name 


Type* 


Pin No 


Description 


Power 1 


AGND1 


GND 


22 


Connect to Analog Ground 


AGND2 


GND 


24 


Connect to Analog Ground 


DGND1 


GND 


13 


Connect to Digital Ground 


DGND2 


GND 


49 


Connect to Digital Ground 


+5VA 


PWR 


31 


Connect to Analog +5V Power 


+5VD 


PWR 


10 


Connect to Digital +5V Power 


-5VA 


PWR 


25 


Connect to Analog -5V Power 


Microprocessor interface I 


D7 


lA/OB 


50 


Data Bus Line 7 


D6 


lA/OB 


51 


Data Bus Line 6 


D5 


lA/OB 


52 


Data Bus Line 5 


D4 


lA/OB 


53 


Data Bus Line 4 


D3 


lA/OB 


54 


Data Bus Line 3 


D2 


lA/OB 


55 


Data Bus Line 2 


D1 


lA/OB 


56 


Data Bus Line 1 


DO 


lA/OB 


57 


Data Bus Line 


RS4 


lA 


62 


Register Select 4 


RS3 


lA 


63 


Register Select 3 


RS2 


lA 


64 


Register Select 2 


RSI 


lA 


1 


Register Select 1 


RSO 


lA 


2 


Register Select 


CS 


lA 


60 


Chip Select 


READ-<j)2 


lA 


61 


Read Strobe (808X), <))2 Clock (65XX) 


WRiTE-R/W lA 


59 


Write Strobe (808X), R/W (65XX) 


IRQ 


OC 


58 


Interrupt Request 


V.24 interface | 


RTS 


lA 


48 


Request to Send 


CTS 


OA 


14 


Clear to Send 


TXD 


lA 


15 


Transmit Data 


RXD 


OA 


45 




RLSD 


OA 


46 


Received Line Signal Detected 


DCLK 


OA 


16 


Transmit and Receive Data Clock 


Cable Equaiizer | 


CABLE1 


IB 


32 


Cable Select 1 


CABLE2 


IB 


33 


Cable Seiect 2 


Analog Signais I 


TXOUT 


AA 


28 


Connect to Smoothing Filter Input 


RXIN 


AB 


37 


Connect to Anti-aliasing Filter Output 


AUXI 


AC 


26 


Auxiliary Analog Input 



Name 


Type* 


Pin No. 


Description 


Overhead 


PORO 


OE 


43 


Power-On-Reset Output 


PORI 


lA 


5 


Power-On-Reset Input 


DCLKI 


R 


11 


Connect to DCLK 


ECLKIN1 


R 


30 


Connect to EYECLK 


ECLKIN2 


R 


38 


Connect to EYECLK 


SYNCIN1 


R 


41 


Connect to EYESYNC 


SYNCIN2 


R 


12 


Connect to EYESYNC 


XTLI 


IC 


6 


Connect to Crystal Circuit or Oscillator 


XTLO 


R 


7 


Connect to Crystal Circuit or Float 


12 MHz 


OD 


8 


12 MHz Output 


6 MHz 


OD 


9 


6 MHz Output 


RCVI 


R 


34 


Connect to RCVO 


RCVO 


R 


47 


Mode Select Output 


ADIN 


R 


20 


Connect to ADOUT 


ADOUT 


R 


39 


ADC Output 


DAIN 


R 


40 


Connect to DAOUT 


DAOUT 


R 


21 


DAC/AGC Output 


EN85 


R 


4 


Connect to Resistor for Bus Selection 


AEE 


R 


29 


Connect to Analog Ground 


AGCIN 


R 


23 


AGC Input 


AGUT 


R 


36 


Smoothing Filter Output 


FIN 


R 


35 


Connect to FOUT 


FOUT 


R 


27 


Smoothing Filter Output 


RCI 


R 


42 


RC Junction for POR Time Constant 


Reserved 




R 


3 


Do Not Connect 


Serial Diagnostic 


Interface 


' 


EYEX 


OA 


19 


Serial Eye Pattern X Output 


EYEY 


OA 


44 


Serial Eye Pattern Y Output 


EYECLK 


OA 


18 


Serial Eye Pattern Clock (230.4 kHz) 


EYESYNC 


OA 


17 


Serial Eye Pattern Strobe (9600 Hz) 


Notes: 








* 


Digital signals are described in Table 7. Analog signais 




are described 


n Table 9. 


R 


= Required overhead connectors; no connection to host 




equipment. 
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Read Enable-<|)2 (R EAD-»2 ) and 
Write Enable-R/W (WRITE/R/W) 

During a read cycle, data from the selected DSP interface 
memory register is gated onto the data bus by means of 
three-state drivers In each DSP. These drivers force the 
data lines high for a one bit, or low for a zero bit. When not 
being read, the three-state drivers assume their high-im- 
pedance (ofQ state. 

During a write cycle, data from the data bus is copied into 
the selected DSP Interface memory register, with high and 
low bus levels representing one and zero bit states, 
respectively. 

The read/write cycle timing waveforms are illustrated in 
Figure 2 and the timing requirements are shown in 
Table 8. 

Interrupt Request (IRQ) 

The modem Interrupt Request (IRQ) output may be con- 
nected to the host processor interrupt request input in 
order to interrupt ho st pro gram execution for immediate 
modem service. The IRQ output can be enabled in DSP 
interface memory to indicate Immediate ch ange of condi- 
tions in the modem DSP device. The use of IRQ is option- 
al depending upon modem application. Refer to the 
Software Considerations Section for a summary of the 
programmable interrupt feature and modem Interrupt bits, 
interrupt conditions and interrupt clearing procedures. 

The DSP IRQ output structure i s an o pen-drain field-effect- 
transistor (FET). The modem IRQ output can be wire- 
ORed with other IRQ lines in the application system. Any 
of these sources can drive the host interrupt input low, and 
the host interrupt servicing process normally continues 



until all interrupt requests have been serviced (i.e., all IRQ 
lines have returned high). 

Because of the open-drain structure of IRQ, an ext ernal 
pull-up resistor to +5V is required at some point on the IRQ 
line. The resistor valu e sho uld be small enough to pull the 
IRQ line high when all IRQ drivers are off (i.e., it must over- 
come the leakage currents). The resistor value should be 
large enough to limit the driver sink current to a level ac- 
ceptable to each driver. If only the modem IRQ output is 
used, a resistor value of 5.6K ohms ±20%, 0.25 W, is suf- 
ficient. 

V.24 INTERFACE 

Seven pins provide timing, data, and control signals for im- 
plementing a CCITT Recommendation V.24 compatible 
serial interface. These signals are T7L compatible in order 
to drive the short wire lengths and circuits normally found 
within stand-alone modem enclosures or equipment 
cabinets. For driving longer cables, these signals can be 
easily converted to RS-232-C voltage levels. The transmit 
and receive timing is shown in Figures 3 and 4, respective- 
ly. 
Transmitted Data (TXD) 

The modem obtains serial data to be transmitted from the 
local DTE on the Transmitted Data (TXD) input. 



Table 8. Microprocessor Interface Timing 



Parameter 


Symbol 


Min. 


Max. 


Units 


CS Setup Time 


TCS 





- 


ns 


RSi Setup Time 


TRS 


25 


- 


ns 


Data Access Time 


TDA 


- 


75 


ns 


Data Hold Time 


TDHR 


10 


- 


ns 


Control Hold Time 


THC 


10 


- 


ns 


Write Data Setup Time 


TWDS 


20 


- 


ns 


Write Data Hold Time 


TDHW 


10 


- 


ns 









Table 7. 


Digital interface Characteristics 








Symbol 


Parameter 


Input/Output Type | 


Units 


lA 


IB 


10 


OA 


OB 


OC 


OD^ 


OE 


VlH 


Input High Voltage 


V 


2.0 min. 


2.0 min. 


(See Note 3 












ViL 


Input Low Voltage 


V 


0.8 max. 


0.8 max. 


in Fig. 9) 












llH 


Input High Current 


mA 




40 max. 














IlL 


Input Low Current 


mA 




-0.4 max. 














lu 


Input Leakage Current 


^A 


±2.5 max. 




11 max. 












VOH 


Output High Voltage 


V 








3.5 min."" 


3.5 min.^ 






2.4 min.^ 


Vol 


Output Low Voltage 


V 








0.4 max.2 


0.4 max.^ 


0.4 max.2 




0.4 max.2 


lOH 


Output High Cun-ent 


mA 








-0.1 max. 


-0.1 max. 




-0.001 max. 


40 min. 


lOL 


Output Low Current 


mA 








1 .6 max. 


0.8 max. 


1 .6 max. 


0.001 max. 


0.4 max. 


Ilo 


Output Leakage Current 


MA 








±10 max. 


± 10 max. 








Cl 


Capacitive Load 


PF 


5 


20 


10 












Cd 


Capacitive Drive 


PF 








100 


100 


100 


50 






Circuit Type 




TIL 


TTL 
w/pull-up 


CLK 


TTL 
3-state 


TTL 
3-state 


Open drain 


CLK 


TTL 


h 

1 
3 
2 


otes: 

. 1 Load = - 100 mA 4. 
. 1 Load = 0.8 mA 
. 1 Load - 1 .6 mA 


-oads o 


T 12 MHz an 


d 6 MHz outputs must be balanced within 20%. 
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Figure 2. Microprocessor interface Waveforms 
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Received Data (RXD) 

The modem presents received serial data to the local DTE 
on the Received Data (RXD) output. 

Request To Send (RTS) 

Request to Send (RTS ) activ e allows the modem to trans- 
mit da ta on TXD when CTS becomes active. The respon- 
ses to RTS are shown in Table 3. 

Clear To Send (CTS) 

Clear to Send (GTS) active indicates to the local DT E that 
the modem will transmit any data presen t on TXD. CTS 
response times from an active condition of RTS are shown 
In Table 3. 



Received Line Signal Detector (RLSD) 



For V.29 and V.27, Received Line Signal Detector (RLSD) 
goes active at the end of the training sequence. If energy 
is a bove th e turn on threshold and training is not detected, 
the RL SD off-to-on response time is 804 baud time s. The 
RLSD on-to-off time for V.29 is 30 ± 9 ms . The V.27 RLSD 
on-to-off time is 1 1 .6 ± 5 ms. The RLSD on-to-off time en- 
sures that all valid data bits have appeared on RXD. 



The RLSD receive level thresholds default to -43 dBm for 
the off-to-on threshold and to -48 dBm for the on-to-off 
threshold. A minimum hysteresis action of 2 dBm exists 
between the actual off-to-on and on-to-off transition levels. 
The threshold level and hysteresis action are measured 
with an unmodulated 21 00 Hz tone applied to the Receiver 
Analog (RXA) input. Note that performance may be 
degraded when t he received signal level is less than -43 
dBm. The RLSD on and off thresholds are host program- 
mable in DSP RAM. 

Data Clock (DCLK) 

The modem provides a single Data Clock (DCLK) output 
which performs the function of a transmitter data clock 
when the modem is transmitting and a receiver data clock 
when the modem is receiving. 

DCLK as the Transmit Data Clock: 

The modem outputs a synchronous transmit Data Clock, 
for USRT timing, when the modem Is transmitting. The 
DCLK frequency is 9600, 7200, 4800, 2400, or 300 Hz 
(±0.01%) with a duty cycle of 50 ± 1%. In Group 2, the 
DCLK frequency is 10368 Hz ± 5 ppm when a precision 
oscillator (Y2 in Table 12) is used. 
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Figure 3. Transmitter Signal Timing 
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Figure 4. Receiver Signal Timing 
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Transmit Data (TXD) must be stable during the one ^is 
period immediately preceding the rising edge of DCLKand 
following the rising edge of DCLK. 

DCLKas the Receive Data Clock: 

The modem outputs a synchronous receive data clock, for 
USRT timing, when the modem is receiving. The DCLK 
frequency is 9600, 7200, 4800, 2400, or 300 Hz (± 0.01 %) 
with a duty cycle of 50 ±1 %. In Group 2, the DCLK frequen- 
cy is 10368 Hz ± 5 ppm when a precision oscillator (Y2 in 
Table 12) is used. 

ANCILLARY SIGNALS 



Enable 85 (EN85) 

The Enable 85 (EN85) input sele cts th e modem 
microprocessor bus compatibility. When EN85 is low, the 
modem can Interface di rectly to an 8085 com patible 
microprocessor bus using READ and WRITE. When EN85 
is high, the modem can interface directly to_a 6500 com- 
patible microproc essor b us using i^2 and R/W. In t he 6500 
configuration, the READ input becomes (j)2 and the WRITE 
input becomes R/W. This selec tion is performed when 
power is turned on or when POR is activated. 

Cable Equalizer Select 1 and 2 (CABLE1 and 
CABLE2) 

Modems may be connected by direct wiring, such as 
leased telephone cable or through the PSTN, by means of 
a data access arrangement. In either case, the modem 
analog signal is carried by copper wire cabling for at least 
some of its route. The cable characteristics shape the 
passband response so that the lower frequencies of the 
passband (300 Hz to 1700 Hz) are attenuated less than 
the higher frequencies (1700 Hz to 3300 Hz). The longer 
the cable, the more pronounced the effect. 

To minimize the impact of this undesired passband shap- 
ing, a compromise equalizer with more attenuation at the 
lower frequencies than at the higher frequencies can be 
placed in series with the analog signal. The modem in- 
cludes three such equalizers designed to compensate for 
cable distortion. When selected, the equalizers are in- 
serted in the transmit path when transmitting, and in the 
receive path when receiving. Table 2 shows the cable 
equalization. 

The cable length equalization is selected from the 
CABLE1 and CABLE2 input lines as follows: 



CABLE2 


CABLE1 


Length 








0.0 





1 


1.8 km 


1 





3.6 km 


1 


1 


7.2 km 



ANALOG SIGNALS 

The Transmitter Analog Output (TXOUT) and Receiver 
Analog Input (RXIN) allow modem connection to either a 
leased line or the PSTN through the appropriate buffering 
and an audio transformer or a data access arrangement. 
The Auxiliary Input (AUXI) provides access to the transmit- 
ter for summing audio signals with the modem's transmit- 
ter analog output. The analog signal characteristics are 
described in Table 9. 

Table 9. Analog Interface Characteristics 



Name 


Type 


Characteristic 


TXOUT 


AA 


Maximum output: 

±3.03 volts 
Minimum load: 

10K Q 
Smoothing filter transfer function: 

28735.63/(8+11547.34) 


RXIN 


AB 


Input impedance: 

1M Q 
Anti-aliasing filter transfer function: 

21551 .72/(s+ 11547.34) 


AUXI 


AC 


Maximum input frequency: 

4800 Hz 
Input Impedance: 

1M Q 
Gain to TXOUT: 

+5.6 dBm ±1 dBm 




Transmitter Analog Output (TXOUT) 

TXOUT can supply a maximum of ± 3.03 volts into a load 
resistance of 10K ohms minimum. A 600 ohm line Im- 
pedance can be matched using an external smoothing fil- 
ter with a 604 ohm series resistor in its output. The 
smoothing filter should have a transfer function of 
28735.63/(s+ 11547.34). 

Receiver Analog Input (RXIN) 

The RXIN input impedance is greater than 1 M ohms. RXIN 
requires an external anti-aliasing filter between the 
modem and the line interface, with a transfer function of 
21551.72/(s + 11547.34). The maximum input level Into 
the anti-aliasing filter should not be greater than dBm. 

The filters required for anti-aliasing on the receiver input 
and the smoothing filter on the transmitter output have a 
single pole within the modem's passband (11,542 
radians). Internal filters compensate for its presence, 
therefore, the pole location must not be changed. Some 
variation from the recommended resistor and capacitor 
values is permitted as long as the pole is not moved, over- 
all gain is preserved, and the device is not required to drive 
a load of less than 1 0K ohms (see Recommended IVIodem 
Interface Circuit.) 
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Auxiliary Analog Input (AUXI) 

AUXI allows access to the transmitter for the purpose of in- 
terfacing with user provided equipment. Because this is a 
sampled input, any signal above 4800 Hz will cause alias- 
ing errors. The input impedance is >1 M ohm, and the gain 
to TXOUT is +5.6 dBm ± 1 dBm. 

DIAGNOSTIC SIGNALS 

Four signals provide the timing necessary to create an os- 
cilloscope quadrature eye pattern. The eye pattern is 
simply a display of the received baseband constellation. 
By observing this constellation, common line disturbances 
can usually be identified. Timing of these signals is il- 
lustrated in Figure 5 and an example eye pattern genera- 
tion schematic is shown in Figure 6. 

EYEX and EYEY 

The EYEX and EYEY outputs provide two serial bit 
streams containing data for display on the oscilloscope X 
axis and Y axis, respectively. This serial digital data must 
first be converted to parallel digital form by two serial-to- 
parallel converters and then to analog form by two digital- 
to-analog (D/A) converters. 

EYEX and EYEY outputs are 1 5-bit words, each with 8-bits 
of significance. The 15-bit data words are shifted out most 
significant bit first with the seven most significant bits set 
equal to zero. EYEX and EYEY are clocked by the rising 
edge of EYECLK. 



-Ih 



EYEX, 
EYEY 



MSB . . LSB 



*74LS74 OUTPUT PIN 9 (FIGURE 6) 



Figure 5. Eye Pattern Timing 



EYECLK 



EYECLK Is a clock provided to create a clock which can 
be used by the serial-to-parallel converters to shift in the 
EYEX and EYEY data (see Figure 5). 

EYESYNC 

EYESYNC is a strobe for loading the D/A converters. 
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Figure 6. Eye Pattern Circuit 
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SOFTWARE INTERFACE 

Modem functions are implemented In firmware executing 
In a single DSP. 

INTERFACE MEMORY 

The DSP communicates with the host processor by means 
of a dual-port, interface memory. The interface memory In 
the DSP contains thirty-two 8-blt registers, labeled register 
00 through 1F. Each register can be read from, or written 
Into, by both the host and the DSP. The host can control 
modem operation by writing control bits to DSP Interface 
memory and writing parameter values to DSP RAM 
through Interface memory. The host can monitor modem 
operation by reading status bits from DSP interface 
memory and reading parameter values from DSP RAM 
through Interface memory. 



INTERFACE MEMORY MAPS 

A memory map of the 32 addressable registers In the 
modem is shown in Figure 7. These 8-bit registers may be 
read or written during any host read or write cycle. In order 
to operate on a single bit or a group of bits in a register, the 
host processor must read a register and then mask out un- 
wanted data. When writing a single bit or group of bits in a 
register, the host processor must perform a read-modify- 
wrlte operation. That is, the entire register (8-blts) must 
first be read, the necessary bits must be set or reset 
without altering the other register bits, then the byte (8-bits) 
containing both the unaltered and modified bits must be 
written back into the Interface memory. 

INTERFACE MEMORY BIT DEFINITIONS 

Table 10 defines the Individual bits in the Interface 
memory. In the Table 10 descriptions, bits In the interface 
memory are referred to using the format Z:Q. The register 
number is designated by Z (00 through IF), and the bit 
number by Q (0 through 7, = LSB). 





Figure 5. R96EFX Interface Memory 
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X RAM DATA 2 MSB (XDAM2) 
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X RAM DATA 2 LSB (XDAL2) 
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OB 


ITBMSK 


OA 


TRIG 


ANDOR 


ITADRS 


09 


OVRUN EQSV 


EQFZ 


ZEROC 


ABIDL 


EOF 


ORG 


FLAG 


08 


FR3 FR2 


FR1 


12TH 













07 


RTSP TDIS 


PDM 


SHTR 


EPT 


SQEXT 


T2 


HDLC 


06 


CONF 


05 


ACC1 1 1 1 1 1 BR1 IWRTI 


CR1 


04 


RAM ADDRESS 1 (ADD1) 


03 


X RAM DATA 1 MSB (XDAMI) 


02 


X RAM DATA 1 LSB (XDALI) 


01 


Y RAM DATA 1 MSB (YDAM1) 


00 


Y RAM DATA 1 LSB (YDAL1) 


(— ) Indicates reserved for modem use only. 



Figure 7. R96EFX DSP Interface Memory Map 
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Table 10. R96EFX Interface Memory Bit Definitions 



Mnemonic 


Memory 
Location 


Default 
Value 


Name/Description 


12TH 


8:4 





Select 12th Order. The one state of 12TH operates the tone detectors as one 1 2th order fil- 
ter (uses FR3). The zero state of 12TH operates the tone detectors as three parallel inde- 
pendent 4th order filters (FR1 , FR2, FR3). 12TH is operable In FSK, Group 2, and tone 
modes, (i.e., CONF = 20, 40, 80; with RTS off.) 


ABIDL 


9:3 




Abort/Idle. When the modem is configured as a transmitter and control/status bit ABIDL is a 
1 , the modem will finish sending the current DBUFF byte. The modem will then send con- 
tinuous ones if ZEROC is a 0, or continuous zeros if ZEROC is a 1 . When ABIDL Is a 0, the 
modem will not send continuous ones or zeros. If ABIDL is reset one DCLK cycle after 
being set, the modem will transmit eight continuous ones if ZEROC is a 0, or eight con- 
tinuous zeros If ZEROC is a 1 . ABIDL is also set by the modem when the underrun condi- 
tion occurs (bit OVRUN is set) and the modem will send at least eight continuous ones (if 
ZEROC is 0) or eight continuous zeros (if ZEROC is 1). To stop continuous one or zero 
transmission, ABIDL must be reset by the host. (HDLC mode only) 

When the modem is configured as a receiver and status bit ABIDL is a 1 , the modem has 
received a minimum of seven consecutive ones. To recognize further occurrences of this 
abort condition, ABIDL must be reset by the host. (HDLC mode only) 


ACC1 


5:7 


1 


RAM Access 1. When control bit ACC1 is a 1 , the modem accesses the RAM associated 
with the address in ADD1 and the CR1 bit. WRT1 determines if a read or write is performed. 


ACC2 


15:7 


1 


RAM Access Z When control bit ACC2 is a 1 , the modem accesses the RAM associated 
with the address in ADD2 and the CR2 bit. WRT2 determines if a read or write Is performed. 


ADD1 


4:0-7 


17 


RAM Address 1. ADD1 contains the RAM address used to access the modem's X and Y 
Data RAM (CR1 = 0) or X and Y Coefficient RAM (CR1 = 1 ) via the X RAM Data 1 LSB and 
MSB words (2:0-7 and 3:0-7, respectively) and the Y RAM Data 1 LSB and MSB words (0:0- 
7 and 1:0-7, respectively). 


ADD2 


14:0-7 


11 


RAM Address 2. ADD2 contains the RAM address used to access the modem's X and Y 
Data RAM (CR2 = 0) or X and Y Coefficient RAM (CR2 = 1) via the X RAM Data 2 LSB and 
MSB words (12:0-7 and 13:0-7, respectively) and the Y RAM Data 2 LSB and MSB words 
(10:0-7 and 1 1 :0-7, respectively). 


ANDOR 


A:5 




AND/OR Bit Mask Function. When control bit ANDOR Is a 1 and the programmable inter- 
rupt is enabled, the modem will assert IRQ if all the bits in the register specified by ITADRS 
and masked by ITBMSK are ones. When ANDOR Is a and the programmable interrupt is 
enabled, the modem will assert IRQ if any one of the bits in the register specified by 
ITADRS and masked by ITBMSK is a one. 


BA1 


1E:0 




Buffer Available 1. When set to a 1 , status bit BA1 signifies that the modem has either writ- 
ten diagnostic data to, or read diagnostic data from, the Y RAM DATA 1 LSB (YDAL1) 
register (0:0-7). This condition can also cause IRQ to be asserted (see IE1 and IA1). The 
host writing to or reading from register 00 resets the BA1 and IA1 bits to 0. (See IE1 and 
IA1.) 


BA2 


1E:3 




Buffer Available 2. When set to a 1 , status bit BA2 signifies that, when the modem is in the 
parallel data mode or the HDLC mode, it has read register 10:0-7 (DBUFF) when transmit- 
ting (buffer becomes empty), or it has written register 10:0-7 (DBUFF) when receiving (buff- 
er becomes full). When the modem is not in parallel data mode, the setting of BA2 to a 1 by 
the modem signifies that the modem has either written diagnostic data to, or read diagnostic 
datafi'om, the Y RAM DATA 2 LSB (YDAL2) register (10:0-7). These conditions can also 
cause IRQ to be asserted (see IE2 and IA2). The host writing to or reading from register 1 
resets the BA2 and IA2 bits to 0. (See IE2 and IA2.) 


BR1 


5:2 





Baud Rate 1. When control bit BR1 Is a 1 , RAM access associated with ADD1 occurs at the 
modem baud rate; when BR1 is a 0, RAM access occurs at the modem sample rate. This bit 
must be reset to a zero in G2, FSK, or Tone mode (CONF = 40, 20, or 80, respectively). 


BR2 


15:2 





Baud Rate 2. When control bit BR2 is a 1 , RAM access associated with ADD2 occurs at the 
modem baud rate; when BR2 is a 0, RAM access occurs at the modem sample rate. This bit 
must be reset to a zero in G2, FSK, or Tone mode (CONF = 40, 20, or 80, respectively). 
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Table 10. R96EFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



CDET 



CONF 



F:0 



6:0-7 



14 



CRC 



CR1 



CR2 



CTSP 



DBUFF 



9:1 



5:0 



15:0 



F:1 



10:0-7 



Carrier Detected. When status bit CDET Is a 1 , the receiver has finished receiving the train- 
ing sequence, or has turned on due to detecting energy above threshold, and Is receiving 
data. When CDET is a 0, the receiver Is in the idle state or In the process of training. 

Configuration. The CONF control bits select one of the following transmitter/receiver con- 
figurations: 



CONF 


Configuration 


14 


V.29 9600 bps 


12 


V.29 7200 bps 


11 


V.29 4800 bps 


OA 


V.27 4800 bps 


09 


V.27 2400 bps 


20 


V.21 Channel 2 300 bps (FSK) 


40 


Group 2 (G2) 


80 


Tone Transmit (RTS or RTSP on). 




Tone Detect (RTS and RTSP off) 



Configuration Definitions: 

1 . V.29. When a V.29 configuration Is selected, the modem operates as specified in 

CCITT Recommendation V.29. 

2. V.27. When a V.27 configuration is selected, the modem operates as specified in 

CCITT Recommendation V.27. 

3. V.21 Channel 2. When the V.21 Channel 2 configuration Is selected, the modem 

operates as specified In CCITT Recommendation V.21 channel 2. 

4. Group 2. When the Group 2 configuration is selected, the modem operates as 

specified in CCITT Recommendation T.3. 

5. Tone Transmit. When the Tone Transmit configur ation i s selected, the modem trans- 

mits single or dual frequency tones in response to RTS or RTSP. Tone frequencies 
and amplitudes are programmable in the RAM. 

6. Tone Detect. When the Tone Detect configuration Is selected and 12th is set to a 1, 
the three 4th order tone detect filters are combined into a single 12th order tone 
detect filter (FR3) . If 12th is not set to a 1 , the three tone detect filters are placed in 
parallel and are independent (FR1 , FR2, and FR3). All tone detect filters are 
programmable. 

Cyclic Redundancy Checic error. When status bit CRC is a 1 and status bit EOF Is a 1 , 
the received frame is In error. When CRC is a and EOF Is a 1 , the received frame Is cor- 
rect. CRC only changes immediately before EOF Is set to a 1 . (HDLC mode only) 

Coefficient RAM 1 Select. When control bit CR1 is a 1 , ADD1 addresses Coefficient RAM. 
When CR1 Is a 0, ADD1 addresses Data RAM. This bit must be set according to the desired 
RAM address (Table 11). 

Coefficient RAM 2 Select. When control bit CR2 is a 1 , ADD2 addresses Coefficient RAM. 
When CR2 Is a 0, ADD2 addresses Data RAM. This bit must be set according to the desired 
RAM address (Table 11). 

Clear To Send Parallel. When set to a 1 , status bit CTSP indicates to the DTE that the train- 
ing sequence has been completed and any data present at TXD will be transmitted. CTSP 
parallels the operation of the CTS pin. 

Data Buffer. In the parallel data mode, the host obtains received data from the modem by 
reading a data byte from DBUFF; the host sends data to the modem to be transmitted by 
writing a data byte to DBUFF. The data is received and transmitted bit first 
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Table 10. R96EFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



l\/lemory 
Location 



Default 
Value 



Name/Description 



EOF 



9:2 



EPT 

EQFZ 
EQSV 

FED 



7:3 

9:5 
9:6 

F:7,6 



FLAG 

FR1 

FR2 

FR3 

G2FGC 
HDLC 



9:0 

8:5 

8:6 

8:7 

D:3 
7:0 



End Of Frame. When the modem is configured as a transmitter, the EOF bit is a control bit. 
To convey to the modem that it is time to send the FCS and ending flag of a HDLC frame, 
the host must set the EOF bit after the modem has taken the last byte of data (resides in 
DBUFF) of the frame (BA2 sets again). EOF will be reset by the modem after it has recog- 
nized the setting of EOF by the host. (HDLC mode only) 

When the modem is configured as a receiver and status bit EOF is a 1 , the modem has 
received a frame ending flag and bit CRC is updated. EOF must be reset by the host before 
receiving the ending flag of a following frame. (HDLC mode only) 

Echo Protector Tone Enable. When control bit EPT is a 1 , an unmodulated carrier is trans- 
mitted for 187.5 ms followed by 20 ms of no transmitted energy prior to the transmission of 
the training sequence. When EPT is a 0, neither the echo protector tone nor the 20 ms of no 
energy are transmitted prior to the transmission of the training sequence except in V.29 
which transmits 20 ms of silence at the beginning of training. 

Equalizer Freeze. When control bit EQFZ is a 1 , updating of the receiver's adaptive 
equalizer taps is inhibited. 

Equalizer Save. When control bit EQSV is a 1 , the adaptive equalizer taps are not zeroed 
when reconfiguring the modem or when entering the training state. Adaptive equalizer taps 
are also not updated during training. This bit is used in conjunction with the SHTR bit and 
must be followed by the setting of the SETUP bit. 

Fast Energy Detector. Status bits FED indicates the level of the received signal according 



to the following codes. 




FED 


Energy Level 



1 
2 
3 


No energy 

Invalid 

Above Turn-off Threshold 

Above Turn-on Threshold 



FLAG Mode. When the modem is configured as a transmitter and status bit FLAG is a 1 , 
the modem is transmitting a flag sequence. (HDLC mode only) 

When the modem is configured as a receiver and status bit FLAG is a 1 , the modem has 
received a flag sequence. (HDLC mode only) 

Frequency No. 1. The one state of FR1 indicates that energy is above tone detector 1's 
detected turn-on threshold (default detection range = 21 00 Hz ± 25 Hz in non-Group 2 
mode). FR 1 is o perable in FSK, Group 2, and tone modes, (i.e., CONF = 20, 40, 80; with 
RTSP and RTS off.) 

Frequency No. 2. The one state of FR2 indicates that energy is above tone detector 2's 
detected turn-on threshold (default detection range = 1 1 00 Hz ± 30 Hz in non-Group 2 
mode). FR 2 is o perable in FSK, Group 2, and tone modes, (i.e., CONF = 20, 40, 80; with 
RTSP and RTS off.) 

Frequency No.3. The one state of FR3 indicates that energy is above tone detector 3's 
detected turn-on threshold (default detection range = 462 Hz ±14 Hz in non-Group 2 mode). 
FR3 is operable in FSK, high spee d. Gr oup 2, and tone modes, (i.e., CONF = 14, 12, 1 1 , 
OA, 09, 20, 40, 80; with RTSP and RTS off.) 

Group 2 Fast Gain Control. The one state of G2FGC selects a fast AGO rate (8.6 times 
standard) in Group 2 Facsimile. 

HDLC mode. When control bit HDLC is a 1 , the modem performs HDLC framing. To be- 
come active, the host must set HDLC and PDM followed by the setting of SETUP. When 
control bit HDLC is a 0, the modem does not perform HDLC framing provided SETUP was 
set following the resetting of HDLC. 
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Table 10. R96EFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



IA1 



IA2 



IE1 



IE2 



ITADRS 



1E:6 



1E:7 



1E:2 



1E:5 



A:0-4 



ITBMSK 



OVRUN 



B:0-7 



9:7 



interrupt Active 1. When Interr upt E nable 1 Is enabled (IE1 is a 1) and BA1 is set to a 1 by 
the modem, the modem asserts IRQ and sets status bit IA1 to a 1 to indicate that BA1 going 
to a 1 caused the interrupt. The host writing to or reading from register 0:0 resets IA1 to a 0. 
(SeelEI andBAL) 

Interrupt Active 2. When Interrupt Enable 2 is enabled (IE2 is a 1) and BA2 is set to a 1 by 
the modem, the modem asserts IRQ and sets status bit IA2 to a 1 to indicate that BA2 going 
to a 1 caused the interrupt. The host writing to or reading from register 10:0 resets IA2 to a 
0. (See IE2 and BA2.) 

Interrupt Enable 1. When control bit IE1 is a 1 (interrupt enabled), the modem will assert 
IRQ and set IA1 to a 1 when BAI^ is set to 1 by the DSP. When IE1 is a (interrupt dis- 
abled), BA1 has no effect on IRQ and IA1 . (See BA1 and IA1 .) 

Interrupt Enable 2. When control bit IE2 Is a 1 (Interrupt enabled), the modem will assert 
IRQ and set IA2 to a 1 when BA2 is set to 1 by the DSP. When IE2 is a (interrupt dis- 
abled) , BA2 has no effect on IRQ and IA2. (See BA2 and IA2.) 

Interrupt Address. These 5 bits specify the register upon which the programmabl e inte rrupt 
and ITBMSK will take affect. The address of the byte on which the modem asserts IRQ on a 
bit or bits in that byte is specified below: 

Host Host 



Register 


ITADRS 


Register 


ITADF 


(Hex) 


(Hex) 


(Hex) 


(Hex) 


00 


00 


10 


08 


01 


10 


11 


18 


02 


01 


12 


09 


03 


11 


13 


19 


04 


02 


14 


OA 


05 


12 


15 


1A 


06 


03 


16 


OB 


07 


13 


17 


IB 


08 


04 


18 


OC 


09 


14 


19 


1C 


OA 


05 


1A 


OD 


OB 


15 


IB 


ID 


OC 


06 


10 


OE 


OD 


16 


ID 


IE 


OE 


07 


IE 


OF 


OF 


17 


1F 


IF 



Interrupt Bit MasIc, This byte performs a bit mask on the register specified in ITADRS for 
the programmabl e Inte rrupt processing. A one in any position in ITBMSK will cause the 
modem to assert IRQ on the corresponding bit or bits in the register specified by ITADRS ac- 
cording to the ANDOR bit and the TRIG bits if PIE is set by the host and PIREQ is reset by 
the host. 

Overrun/Underrun. When the modem Is configured as a transmitter, and status bit OVRUN 
is a 1 , a transmit underrun condition has occurred. If the host does not load in a new byte of 
data in DBUFF within eight bit times of loading the previous byte into DBUFF, OVRUN and 
ABIDL will set. The modem will then automatically send eight continuous ones. The trans- 
mission of these ones will continue until the host resets ABIDL. The modem will then finish 
sending the current group of eight ones and will either start sending another frame (if BA2 is 
reset) or will transmit continuous flags. The modem will reset OVRUN every time it sets 
BA2. (HDLC mode only) 

When the modem Is configured as a receiver and status bit OVRUN is a 1 , an overrun condi- 
tion has occurred. To detect the next overrun condition, the host must reset this bit. (HDLC 
mode only) 
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Table 10. R96EFX Interface Memory Bit Definitions (Cont'd) 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



PDM 



PIA 



PIE 



PIREQ 



7:5 



1F:7 



1F:4 



1F:3 



PN 
RTSP 

RX 

SETUP 

SHTR 

SQEXT 

T2 

TDIS 



0:6 
7:7 

0:7 
1F:0 

7:4 

7:2 
7:1 

7:6 



Parallel Data Mode. When control bit POM is a 1 and the modem Is a transmitter, it accepts 
data for transmission from OBUFF (1 0:0-7) rather than the TXD input. When PDM is a 1 and 
the modem is a receiver, the modem provides the received data to the host using OBUFF 
(10:0-7). 

Programmable Interrupt Active. When control bit PIE is enabled (PIE Is a 1) and the Inter- 
rupt condition is true as specified by ITBMSK, ITADRS, TRIG, and ANDOR, the modem as- 
serts IRQ if PIREQ has been previously reset by the host (usually after servicing the 
previous interrupt). Status bit PIA is set by the modem when the above occurs. PIA Is reset 
when the host resets PIREQ. 

Programmable Interrupt Enabia When control bit PIE Is enabled (PIE is a 1) and the inter- 
rupt condition is true as specified by ITBMSK, ITAORS, TRIG, and ANOOR, the modem as- 
serts IRQ if PIREQ has been previously reset by the host (usually after servicing the 
previous interrupt). Status bit PIA is set by the modem when the above occurs. When PIE is 
a (interrupt disabled), ITBMSK, ITAORS, TRIG, ANOOR, and PIREQ have no effect on 
IRQ and PIA. 

Programmable Interrupt Request. When control bit PIE Is enabled (PIE is a 1) and the in- 
terrupt cond ition Is true as specified by ITBMSK, ITADRS, TRIG, and ANOOR, the modem 
asserts IRQ if control bit PIREQ has been previously reset by the host. PIREQ Is set by the 
modem when the programmable interrupt condition Is true. The host must reset PIREQ after 
sen/icing the interrupt since the modem does not reset PIREQ. If PIREQ Is not reset when 
the interrupt condition occurs again, the modem will not assert IRQ. 

PN Sequence Detected. When status bit PN is a 1 , the receiver is detecting the PN portion 
of the training sequence. When PN Is a 0, PN is not being detected. 

Request To Send Parallel. The one state of RTSP begins a transmit sequence. The 
modem will continue to transmit until RTSP is turned off, and th e turn- off sequence has 
been completed. RTSP parallels the operation of the hardware RTSP control input. These 
inputs are "ORed" by the modem. 

Receive State. When status bit RX is a 1 , the modem is In the receive state and is not trans- 
mitting. 

Setup. Control bit SETUP bit must be set to a 1 by the host after the host writes a configura- 
tion code into the CONF bits (register 6:0-7) or changes a bit In 7:0-6 (register 7 bits 
through 6). This Informs the modem to implement the configuration change. The modem 
resets the SETUP bit to a when the configuration change is Implemented. 

Short Train. When SHTR is a 1 and CONF is either OA or 09, the modem will perform a 
V.27 ter short training sequence. A successful V.27 ter long train at the same data rate must 
precede the short train. The setting of the SHTR bit, along with the setting of the EQSV bit, 
must be followed by the setting of the SETUP bit. 

Squelch Extend. When control bit SQEXT is a 1 , the modem's receiver is inhibited from the 
reception of any signal for 1 40 ms after the transmitter turn-off. 

T/2 Equalizer Select. When control bit T2 is a 1 , the linear section of the receiver's adaptive 
equalizer is T/2 fractionally spaced. When T2 Is a 0, the equalizer is T spaced (T = 1 baud 
time). 

Training Disable. When control bit TDIS Is a 1 , the modem as a receiver is prevented from 
recognizing a training sequence and enterin g the training state; as a transmitter the modem 
will not transmit the training sequence when RTS or RTSP is activated. 
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Table 10. R96EFX Interface Memory Bit Definitions 



Mnemonic 



Memory 
Location 



Default 
Value 



Name/Description 



TRIG 



A:6-7 



WRT1 



5:1 



WRT2 



15:1 



XDAL1 


2:0-7 


XDAL2 


12:0-7 


XDAM1 


3:0-7 


XDAM2 


13:0-7 


YDAL1 


0:0-7 


YDAL2 


10:0-7 


YDAM1 


1:0-7 


YDAM2 


11:0-7 


ZEROC 


9:4 



Interrupt Triggering. These two bits select how the programmable interrupt is to occur if 
this Interrupt is enabled. The user has the option to be continuously interrupted whenever 
the interrupt condition is true (DC triggered) , to be interrupted only when the interrupt condi- 
tion transitions from false to true (positive edge triggered) , to be interrupted only when the in- 
terrupt condition transitions from true to false (negative edge triggered), or to be interrupted 
when the interrupt condition transitions from false to true or from true to false (edge trig- 
gered): 

TRIG Description 

00 DC 

01 Positive Edge 

1 Negative Edge 

11 Edge 

RAM Write 1. When control bit WRT1 is a 1 and ACC1 is set to a 1 , the modem writes the 
data from the Y RAM Data 1 registers into its internal RAM at the location addressed by 
ADD1 and CR1 , (When the most significant bit of ADD1 is a 0, the write is performed to the 
X RAM location; when a 1 , the write is to the Y RAM location.) When WRT1 is a and 
ACC1 is set to a 1 , the modem reads data from its internal RAM from the locations ad- 
dressed by ADD1 and CR1 and stores it into the X RAM Data 1 registers and Y RAM Data 1 
registers, respectively. 

RAM Write 2. When control bit WRT2 is a 1 and ACC2 is set to a 1 , the modem writes the 
data from the Y RAM Data 2 registers into Its internal RAM at the location addressed by 
ADD2 and CR2. (When the most significant bit of ADD2 is a 0, the write Is performed to the 
X RAM location; when a 1 , the write is to the Y RAM location.) When WRT2 is a and 
ACC2 is set to a 1 , the modem reads data from its internal RAM from the locations ad- 
dressed by ADD2 and CR2 and stores it into the X RAM Data 2 registers and Y RAM Data 2 
registers, respectively. 

X RAM Data 1 LSB. XDAL1 is the least significant byte of the 16-bit X RAM 1 data word 
used in reading X RAM locations. 

X RAM Data 2 LSB. XDAL2 is the least significant byte of the 16-blt X RAM 2 data word 
used in reading X RAM locations. 

X RAM Data 1 MSB. XDAM1 is the mc^t significant byte of the 1 6-bit X RAM 1 data word 
used in reading X RAM locations. 

X RAM Data 2 MSB. XDAM2 is the most significant byte of the 1 6-bit X RAM 2 data word 
used in reading X RAM locations. 

Y RAM Data 1 LSB. YDAL1 is the least significant byte of the 16-bit Y RAM 1 data word 
used in reading or writing Y RAM locations in the modem. 

Y RAM Data 2 LSB. YDAL2 is the least significant byte of the 16-bit Y RAM 2 data word 
used In reading or writing Y RAM locations in the modem. 

Y RAM Data 1 MSB. YDAM1 is the most significant byte of the 1 6-bit Y RAM 1 data word 
used in reading or writing Y RAM locations in the modem. 

Y RAM Data 2 MSB. YDAM2 is the most significant byte of the 16-bit Y RAM 2 data word 
used in reading or writing Y RAM locations in the modem. 

Zero Clamp. When control bit ZEROC is a 1 and ABIDL is a 1 , the modem will transmit con- 
tinuous zeros. When ZEROC is a and ABIDL is a 1 , the modem will transmit continuous 
ones. If ABIDL is 0, ZEROC is disabled. (HDLC mode only) 
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DSP RAM ACCESS 

Table 1 1 provides the RAM access functions, codes, and 



DSP RAM Organization 

The DSP contains 1 6-bit words of random access memory 
(IRAJVI). Because the DSP is optimized for performing com- 
plex arithmetic, the RAM is organized into real (X RAM) 
and imaginary (Y RAM) parts. The host processor can 
read or write both the X RAM and the Y RAM. 

Interface Memory Access to DSP RAM 

The interface memory acts as an intermediary during host 
to DSP RAM, or DSP RAM to host, data exchanges. The 
address stored in DSP interface memory RAM Address 
registers by the host determines the DSP RAM address for 
data access. 



The 16-bit words are transferred between DSP RAM and 
DSP Interface memory once each baud or sample time, as 
selected by the BR1 and BR2 bits. The baud rate is deter- 
mined by the selected configuration, but the sample rate is 
fixed at 9600 Hz, except in Group 2 where the sample rate 
is 10368 Hz. 

Two RAM Access bits in the DSP interface memory tell the 
DSP to access the X RAM and/or Y RAM. The transfer is 
initiated by the host setting the ACC1 and/or the ACC2 
bit(s). The DSP tests these bits each baud or sample 
period, except in G2, FSK or Tone mode where these bits 
are always tested at the sample period. 

If parallel data mode is selected, RAM access associated 
with RAM Address 2 is disabled and only RAM access as- 
sociated with RAM Address 1 is available. 




Table 11. R96EFX RAM Access Codes 



Function 


BRx 


CRx 


ADDx 


Read Reg. No. 


Received Signal Samples 








15 


2,3 


Received Signal Samples FSK 








31 


2,3 


Demodulator Output 








13 


0,1,2,3 


Lowpass Filter Output 








02 


0,1,2,3 


Average Energy 








14 


2,3 


AGO Gain Word 





1 


15 


2,3 


Tone 1 Frequency 





1 


21 


2,3 


Tone 1 Level 








22 


2,3 


Tone 2 Frequency 





1 


22 


2,3 


Tone 2 Level 








23 


2,3 


Output Level 








21 


2,3 


Equalizer Input (Real) 







1E 


0,1 


Equalizer Input (Imag) 




1 


IE 


0,1 


Equalizer Tap Coefficients 




1 


38-5F 


0,1,2,3 


Unrotated Equalizer Output 







1C 


0,1.2,3 


Rotated Equalizer Output (Eye Pattern) 




1 


17 


0,1,2,3 


Decision Points (Ideal) 







17 


0,1,2,3 


Error Vector 




1 


ID 


0,1,2.3 


Rotation Angle 




1 


OC 


0.1 


Frequency Correction 




1 


18 


2,3 


Eye Quality Monitor (EQM) 




1 


CD 


2,3 


Turn-on Threshold (RLSD) 





1 


37 


2,3 


Turn-off Threshold (RLSD) 





1 


B7 


0,1 


Group 2 PLL Frequency Correction 








CD 


2.3 


Group 2 Zero Crossing Threshold (Negative) 








19 


2,3 


Group 2 Zero Crossing Threshold (Positive) 








99 


0,1 


Group 2 AGO Slew Rate 





1 


05 


2,3 


Group 2 Black-White Threshold 








24 


2,3 


Group 2 Phase Limit Value 








1A 


2,3 


Receiver Sensitivity 





1 


24 


2,3 
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DSP RAM Read Procedure 

The RAM read procedure Is a 32-blt transfer from DSP 
RAM to the Interface memory which transfers both the X 
RAM and Y RAM simultaneously. Before reading from 
DSP Interface memory, set ACC1 and/or ACC2 to a 0, 
then reset BA1 or BA2 by reading YDAL1 or YDAL2. Set 
WRT1 and/or WRT2 to a to Inform the DSP that a RAM 
read will occur when ACC1 and/or ACC2 Is set to a 1 . Load 
the RAM address Into RAM Address 1 and/or RAM Ad- 
dress 2, then set CR1 and/or CR2 appropriately. Set 
ACC1 and/or ACC2 to a 1 to signal the DSP to perform the 
RAM read. When the DSP has transferred the contents of 
RAM Into the Interface memory RAM Data registers, BA1 
and/or BA2 will be set. 

If IE1 and/or the IE2 Is a 1 , IrQ is also asserted when BA1 
and/or BA2 set to a 1 by the DSP. When IRQ Is asserted, 
I A1 and/or IA2 goes to a 1 to Inform the host that setting of 
BA1 and/or BA2 was the cause. IA1 and/or IA2 is cleared 
by th e host reading YDAL1 and/or YDAL2, which causes 
IRQ to return high If no other interrupt requests are pend- 
ing. 

DSP RAM Write Procedure 

The RAM write procedure is a 1 6-blt transfer from interface 
memory to DSP RAM allowing the transfer of X RAM data 
or Y RAM data to occur each baud or sample time. Before 
writing to DSP Interface memory, set ACC1 and/or ACC2 
to a 0; then reset BA1 or BA2 by reading YDAL1 or 
YDAL2, respectively. Set WRT1 and/or WRT2 to a 1 to in- 
form the DSP that a RAM write will occur when ACC1 
and/or ACC2 Is set to a 1 . Load the RAM address Into RAM 
Address 1 and/or RAM Address 2, then set CR1 and/or 
CR2 appropriately. Write the desired data into the inter- 
face memory RAM Data registers YDAL1 and YDAM1 
and/or YDAL2 and YDAM2, then set ACC1 and/or ACC2 
to a 1 to signal the DSP to perform the RAM write. When 
the DSP has transferred the contents of the interface 
memory RAM Data registers Into RAM, BA1 and/or BA2 
will be set. 

If IE1 and/or I E2 Is a 1 , Irq Is also asserted and IA1 and/or 
IA2 Is set to a 1 when BA1 and/or BA2 is set to a 1 by the 
DSP. IA1 and/or IA2 Is cleared by writing Into YDAL1 
and/or YDAL2, which causes IRQ to return high If no other 
Interrupt requests are pending. 



PROGRAMMABLE INTERRUPT FEATURE 

An Interface memory Interrupt feature Is Included In the 
R96EFX. This feature enables the user to select an Inter- 
rupt to occur on any combination of bits within interface 
memory register. 

The programmable interrupt routine runs at the sample 
rate In all transmitter and receiver modes. If the host sets 
the Programmable Interrupt Enable bit 1F:3 (PIE), the 
modem se ts th e Programmable Interrupt Active bit 1F:7 
(PI A) and IRQ goes low when the Interrupt condition is 
true. The Programmable Interrupt Request bit 1F:3 
(PIREQ) Is set by the modem whenever the Inten'upt con- 
dition is true. The host must reset PIREQ after servicing 
the Interrupt since the modem is unable to reset this bit. 

An Interrupt may occur only within a single interface 
memory register based upon any combination of bits. For 
example, the host may select register 9 and generate an 
Interrupt whenever bits 9:3, 9:4, and 9:7 are set, but may 
not select bits 8:7 and 9:2 to generate an interrupt. The 
register is selected by specifying the Interrupt address A:0- 
4 (ITADRS) (see ITADRS). 

The interrupt bit mask register B:0-7 (ITBMSiQ selects the 
bits to be tested In the interface memory register specified 
by ITADRS. For example, if ITBMSK is equal to FF all the 
bits are selected; If ITBMSK is equal to OF, the four least 
significant bits are selected. 

There are two operating modes with each mode having 
four options. The user may choose to OR the selected bits, 
or to AND the selected bits. Whenever any of the selected 
bits are set, the OR mode is true. The AND mode is true 
whenever all the selected bits are set, and false otherwise. 
When bit A:5 (ANDOR) is set to a 1, the AND mode is 
chosen; when ANDOR Is reset to a 0, the OR mode is 
chosen. The user has the option to be continuously inter- 
rupted whenever the mode Is true (DC triggered), to be in- 
terrupted only when the mode transitions from true to false 
(negative edge triggered), to be inten^upted only when the 
mode transitions from false to true (positive edge trig- 
gered), or to be interrupted when the mode transitions from 
false to true and when the mode transitions from true to 
false (edge triggered). The host selects one of the above 
options by specifying bits A:6-7 (TRIG) (see TRIG). 
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HDLC OPERATION 

Data and control information on an HDLC link are trans- 
mitted via frames. These frames organize the information 
into a format specified by ISO that enables the transmitting 
and receiving station to synchronize with each other. This 
format Is shown in below. 



|FLAQ|ADDR|cONTROt| INFORMATION | 16-BIT Fcjp 



I- FRAME STARTS FRAME ENDS -i 

HDLC TRANSMITTER 

The R96EFX HDLC transmitter works at all Group 3 
speeds. The modem will automatically transmit the begin- 
ning and ending flags as well as the 16-bit Fram e Check 
Sequence (PCS). The host must wait until CTS or CTSP 
is set by the modem before loading in the first byte of data. 
When BA2 is set by the modem, the host can load in the 
next byte of data. As soon as the host is finished with all 
the bytes in the frame and the modem has taken the last 
byte of the frame (BA2 sets), the host must set EOF to tell 
the modem It is time to end the frame. When the modem 
recognizes EOF being high, the modem will reset EOF and 
will transmit the FCS and closing flag. Once the host sets 
EOF, the host may load in the first byte of the next frame. 
If the host wants to end transmission, the host must wait 
for EOF to return low before turning off RTS or RTSP. 

Further detail Is given in the R96EFX HDLC and Program- 
mable Interrupt Features Application Note (Order No. 
826). 

HDLC RECEIVER 

The R96EFX HDLC receiver also works at all Group 3 
speeds. The modem will automatically strip off flags and 
the 16 bit FCS sequence and only present the host with 
data. At the end of a frame (EOF is set), the host must 
check bit CRC to determine if the frame had an error. 
Thus, error detection is accomplished. 



PERFORMANCE 
TYPICAL BIT ERROR RATES 

The bit error rate (BER) performance of the modem is 
specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56. Bit error rates 
are measured at a received line signal level of -20 dBm as 
illustrated. 

Typical BER performance is shown In Figure 8. 

The curves shown in Figure 8 were prepared from data ob- 
tained using a TAS 1000 communication test system. 

TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10"^ or 
less with a signal-to-noise ratio of 12.5 dB in the presence 
of 1 5° peak-to-peak phase jitter at 1 50 Hz or with a signal- 
to-noise ratio of 1 5 dB in the presence of 30° peak-to-noise 
phasejitterat120Hz. 

At 4800 bps (V.27 ter), the modem exhibits a bit error rate 
of 10"® or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 

At 7200 bps (V.29), the modem exhibits a bit error rate of 
10"® or less with a signal-to-noise ratio of 25 dB In the 
presence of 12 peak-to-peak phase jitter at 300 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 1 0"® or 
less with a signal-to-noise ratio of 23 dB in the presence of 
10° peak-to-peak phase jitter at 60 Hz. The modem ex- 
hibits a bit error rate of 10"^ or less with a signal-to-noise 
ratio of 23 dB in the presence of 20° peak-to-peak phase 
jitter at 30 Hz. 
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Figure 8. R96EFX Typical Bit Error Rate (BER) Curves 
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APPLICATION 

RECOMMENDED MODEM INTERFACE CIRCUIT 

The R96EFX is supplied as a 64-pin QUIP (Quad In-line 
Package) device to be designed into original equipment 
manufacturer (OEM) circuit boards. The recommended 
modem interface circuit (Figure 9) and parts list (Table 12) 
illustrate the connections and components required to 
connect the modem to the OEM electronics. 

If the auxiliary analog input (pin 26) is not used, resistors 
R10 and R16 can be eliminated and pin 26 must be con- 
nected to analog ground (pin 24). When the cable 
equalizer controls CABLE1 and CABLE2 are connected to 
long leads that are subject to picking up noise spikes, a 3K 
ohm series resistor should be used on each input (pins 32 
and 33) for isolation. 

Resistors R7 and R17 can be used to trim the transmit 
level and receive threshold to the accuracy required by the 
OEM equipment. For a tolerance of ±1 dBm, the 1 % resis- 
tor values shown are correct for more that 99.8% of the 
units. 



Table 13. TC0-706AB Oscillator Specifications 



Characteristic 


Value 


Frequency 


24.00014 MHz 


Frequency Stability 




vs. Temperature 


± 5 ppm (CO - eO'C) 


vs. Input Voltage 


±1 ppm at 4.75 V -5.25 V 


vs. Aging 


1 ppm/year 


Frequency Tolerance 


±2 ppm 


Frequency Adjustment 




by Internal Trimmer 


± 5 ppm min. 


Operating Temperature 


CO - 60° 


Input Voltage 


5.0 V ±0.5% (4.75 V -5.25 V) 


Output 




Symmetry 


50% ±10% (40% -60%) 


Drive 


CL=15pF 


Type 


CMOS: Low = 0.5 V, 




High = Vcc (4.5 V) 


Package 


14-pin DIP 




Table 12. Typical R96EFX Modem Interface Parts List 



Component 


Component 


Manufacturer's 


Suggested 


Designation 


Value 


Part Number 


Manufacturer 


C11,C13 


1000 pF ±5%, 50V 


C124C102J5G5CA 


Kemet 


C7, C8, C9,C12,C14 


0.1 fiF ±20%, 50V 


592CX7R104M050B 


Sprague 


C4,C6 


0.33 jiF ±20%, 50V 






C10 


1.0 iiF±20%,50V 


SMC50T1R0M5X12 


United Chem-con 


C5 


10.0 jiF±10%,25V 


ECEBEF100 


Panasonic 


C2 


18pF±5%,50V 






C3 


39 pF ±5%, 50V 






R4 


3Q±5%, 1/4W 


43CX3R000J 


Mepco Electra 


R12 


255Q±1%, 1/4W 






R10,R16 


1 Kn±5%, 1/4W 


5043CX1K00J 


Mepco Electra 


R2,R6 


3KQ±5%, 1/4W 


5043CX3K00J 


Mepco Electra 


R18 


10KQ±1%, 1/4W 






R7 


34.8Kfi±1%, 1/4W 






R17 


46.4Kr2±1%, 1/4W 


CRB1/4XF46K4 


R-Ohm 


R11 


36.5KQ±1%, 1/4W 


CRB1/4XF36K5 


R-Ohm 


R14,R15 


86.6KQ±1%, 1/4W 


CML1/10T86.6KQ±1% 


Dale Electronics 


R5 


2.7 MQ± 5%, 1/4W 


5043CX2M700J 


Mepco Eietra 


CR1 


-5.1V 1%, regulator 


1N4625D 


Motorola 


Y1 


24.00014, MHz 






Y2 


24.00014, MHz 


TC0-706AB^ 


Toyocom 


Note: 1. See Table 13 tors 


pecifications. The TC0-706AB is th 


e only square wave generator recc 


>mmended. A sine wave oscillator 


may alternatively 


be used (see Note 3 in Figure 9). 
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V.24 

SERIAL 

INTERFACE 



MICROPROCESSOR 

BUS 

INTERFACE 



EYE 

DIAGNOSTIC 

INTERFACE 



XTLI XTLO 



C2 4:y1T ^^ 
18 pF 4- -i-aQpF 




,CR1 T CIO 



24 00014 MHz 



Y2 24 00014MHz 



(^ 



(rJ) O.VF 7 

NC — 



XTLI 
XTLO 



1 /(F 



NOTES: 

1. NC INDICATES DO NOT CONNECT. 

2. CONFIGURATION WHEN GROUP 2 
NOT REQUIRED. 
Y1: 24.00016 MHz 

PARALLEL RESONANT 

Cl = 18 PF 

Rs = 25 Q MAX. 
. THE OSCILLATOR SPECIFIED IN TABLE 13 
IS A SQUARE WAVE GENERATOR. A SINE 
WAVE OSCILLATOR OF EQUAL ACCURACY 
MAY BE USED, BUT THE INPUT TO PIN 6 
MUST BE CAPACITIVELY COUPLED (e.g., 0.1 /iF) 
AND THE OSCILLATOR OUTPUT MUST BE 3.5 
VOLTS PEAK-TO-PEAK ± 14% OVER THE 
MODEM'S OPERATING ENVIRONMENTAL RANGE. 



Figure 10. Recommended R96EFX Modem Interface Circuit 
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PC BOARD LAYOUT CONSIDERATIONS 

1 . The R96EFX and ail supporting anaiog circuitry, in- 
cluding the data access arrangement if required, 
should be located on the same area of printed circuit 
board. 

2. All power traces should be at least a 0.1 Inch width. 

3. If the power source is located more than approximate- 
ly 5 inches from the modem, a decoupling capacitor 
of 10 nF or greater should be placed in parallel with 
C4 near pins 10 and 49. 

4. All circuitry connected to pins 6 and 7 should be kept 
short to prevent stray capacitance from affecting the 
oscillator. 

5. Pin 22 should be tied directly to pin 24 at the modem 
package. Pin 24 should tie directly, by a dedicated 
path, to the common ground point for analog and digi- 
tal ground. 

6. An analog ground plane should be supplied beneath 
all analog components. The analog ground plane 
should connect to pin 24 and to all analog ground 
points shown In Figure 1 0. 

7. A digital ground plane should be supplied to cover the 
remaining allocated area. The digital ground plane 
should connect to pin 49 and to all digital ground 
points shown in Figure 10, plus the crystal-can 
ground. 

8. The modem package should be oriented relative to 
the two ground planes so that the end containing pin 
1 is toward the digital ground plane and the end con- 
taining pin 32 is toward the analog ground plane. 

9. As a general rule, digital signals should be routed on 
the component side of the PCB while the analog sig- 
nals are routed on the solder side. The sides may be 
reversed to match a particular OEM requirement. 

10. Routing of the modem signals should provide maxi- 
mum Isolation between noise sources and sensitive 
inputs. When layout requirements necessitate routing 
these signals together, they should be separated by 
neutral signals. Refer to Table 1 4 for the noise charac- 
teristics of each modem pin. 



Table 14. Pin Noise Characteristics 



Noise Source 


Neutral 


Noise Sensitive 


High 


Low 


High 


Low 


1 


6 


3 


23 


26 


2 


7 


4 


27 


28 


12 


8 


5 


32 




17 


9 


10 


33 




18 


11 


13 


35 




19 


14 


22 


36 




20 


15 


24 


37 




21 


16 


25 






30 


45 


29 






38 


46 


31 






39 


48 


34 






40 




42 






41 




43 






44 




47 






50 




49 






51 










52 










53 










54 










55 










56 










57 










58 










59 










60 










61 










62 
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INTRODUCTION 

The Rockwell R96MEB (Modem Evaluation Board) aids 
the original equipment manufacturer (OEM) during the 
evaluation and design in phases of product development. 
The R96MEB supports the R96MFX and the R96EFX 
modems. The Modem Evaluation Board contains a sock- 
et (U1) for mounting the 64-pln quad in-line package 
(QUIP) of the modem, plus support circuitry to configure a 
complete data pump. For operation over the public 
switched telephone network (PSTN), an appropriate line 
termination, such as a data access arrangement (DAA), 
must be provided externally. 

The R96MEB physical and electrical interface is com- 
patible with the Rockwell R96FI/R96MD modem. For 
users of the R96FI or R96MD, this feature provides a rapid 
means of preparing to evaluate a 64-pin QUIP modem. 

The R96FI version of the modem evaluation board is the 
R96MEB/F. Equipment previously developed for use with 
the R96FI can be converted for use with the R96MEB by 
changing only the software. 

The R96MD version is the R96MEB/D. The R96MEB/D 
hardware is similar to the R96MD except for the addition 
and use of pins 35, 36, 37, 40, and 41 . Pin 41 is used for 
ground and the other pins are used for the serial eye. The 
R96MD does not use these pins, therefore, the software 
and hardware must be changed. 



FEATURES 

• Convenient evaluation method for the R96MFX and 
R96EFX 

• Easily integrated into a prototype system 

• Cost effective for low volume production applications 
(R96MEB/F only) 

• Simple connection 

R96MEB/F: Standard 40-pin flat ribbon connector 
R96MEB/D: Direct connect dual-in-line pins 

• Backward compatible with R96FI hardware 
(R96MEB/F) 

• Low power consumption: 845 mW (typical) 

• Small size: 

R96MEB/F: 100 mm x 65 mm (3.94 in. x 2.56 in.) 
R96MEB/D: 50.8 mm x 65.4 mm (2.00 in. x 2.575 in.) 
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TECHNICAL SPECIFICATION 

For a description of the R96MEB cliaracteristics with a 64- 
pin QUIP modem Installed in socket U1, refer to the 
R96MFX Modem Data Sheet (Order No. MD47) or the 
R96EFX Modem Data Sheet (Order No. MD49). 

CIRCUIT DESCRIPTION 
INTERFACE CIRCUITS 

The circuitry and design rules used to create the R96MEB 
follow the recommended modem interface and PC board 
layout consideration published in the associated 64-pin 
QUIP modem data sheet. The circuit card can be used as 
a guide in host PC board design. 

Refer to the R96MEB/F schematic diagram (Figure 1) 
during the following description. The modem being 
evaluated is inserted in the 64-pin QUIP socket (U1). The 
overhead connections between QUIP pins are completed 
by circuits on the evaluation board. The signals labeled NC 
(no connection) are not intended for use by the host equip- 
ment. 

Modem signals that form the user interface on connector 
P1 (Table 1) are divided into six categories: Power, 
Microprocessor Interface, V.24 Interface, Cable Equalizer, 
Analog Signals, and Eye Pattern. The column titled "Type" 
refers to designations found in the digital and analog inter- 
face characteristics tables (Tables 2 and 3, respectively). 

Power 

Powe r signals include +5 volts, ±12 volts, ground and 
POR. The +5 volt source provides power for digital circuits 
and can be driven by the host logic supply. The ±12 volt 
supplies provide power for analog circuits and should be 
free from switching transients normally associated with 
digital circuits. The ripple on all input voltages must be 
sO.1 volts peak-to-peak. If a switching supply is chosen, 
the user may select any frequency between 20 kHz and 
150 kHz as long as no component of the switching fre- 
quency is present outside of the power supply with an 
amplitude greater than 500 microvolts peak. 

The common reference point for all signals, both digital 
and analog, is modem signal ground (pins 14 and 39 on 
R96MEB/F; pins 17, 18, and 41 on the R96MEB/D). These 
pins provide the power supply return points for all voltages 
and should be used as reference for transmitter and 
receiver signals. To minimize noise problems, circuits that 
interface to the modem should maintain their ground 
references as close as possible to the same potential as 
these modem pins. Digital signals and analog signals 
should be referenced to modem signal ground via 
separate connections to prevent digital noise from appear- 
ing on analog signals due to a common ground im- 
pedance. 



Table 1. R96MEB Connector Interface Signals 



Name 


I/O 
Type 


MEB/F 
Pin No. 


MEB/D 
Pin No 


Description 


Power 1 


Ground 


GND 


14,39 


17,18, 
41 


Power Supply Return 


+ 5 volts 


PWR 


3,4 


33,34 


+5 volt supply 


+12 volts 


PWR 


26 


21 


+12 volt supply 


-12 volts 


PWR 


37 


19 


-12 volt Supply 


POR 


lA/OD 


36 


39 


Power-On Reset 


Microprocessor Interface i 


D7 


lA/OB 


7 


9 


Data Bus Line 7 


D6 


lA/OB 


5 


8 


Data Bus Line 6 


D5 


lA/OB 


9 


2 


Data Bus Line 5 


D4 


lA/OB 


31 


3 


Data Bus Line 4 


D3 


lA/OB 


15 


4 


Data Bus Line 3 


D2 


lA/OB 


28 


5 


Data Bus Line 2 


D1 


lA/OB 


23 


6 


Data Bus Line 1 


DO 


lA/OB 


29 


7 


Data Bus Line 


RS3 


lA 


30 


13 


Register Select 3 


RS2 


lA 


8 


14 


Register Select 2 


RSI 


lA 


27 


15 


Register Select 1 


RSO 


lA 


10 


16 


Register Select 


CSO 


lA 


6 


11 


Chip Select 
(Registers 0-F) 


CS1 


lA 


18 


38 


Chip Select 1 
(Registers 1 0-1 F) 


READ-<})2 


lA 


1 


10 


Read Enable 


WRITE-R/W 


lA 


2 


12 


Write Enable 


IRQ 


OC 


32 


1 


Interrupt Request 


V.24 Interface i 


DCLK 


OA 


13 


30 


Data Clock 


RTS 


lA 


19 


32 


Request-to-Send 


CTS 


OA 


17 


28 


Clear-to-Send 


TXD 


lA 


20 


27 


Transmitter Data 


RXD 


OA 


21 


26 


Receiver Data 


RLSD 


OA 


16 


29 


Received Line Signal 
Detector 


Cable Equalizer | 


CABS1 


IB 


33 


24 


Cable Select 1 


CABS2 


IB 


34 


25 


Cable Select 2 


Analog Signals | 


TXA 


AA 


38 


23 


Transmitter Analog Output 


RXA 


AB 


40 


22 


Receiver Analog Input 


AUXIN 


AC 


35 


20 


Auxiliary Analog Input 


Eye Pattern 


Signals 








EYECLK 


OA 


11 


36 


Eye Pattern Clock 
(230.4 kHz) 


EYESYNC 


OA 


12 


37 


Eye Pattern Sync 
(9600 Hz) 


EYEX 


OA 


24 


35 


Eye Pattern X Data 


EYEY 


OA 


25 


40 


Eye Pattern Y Data 



In order to reduce the effect of noise coupled through 
direct current (DC) power lines, decoupling capacitors are 
recommended on all power inputs. Each supply input 
should be decoupled to modem signal ground by a paral- 
lel set of capacitors. A large value capacitor of 10 
microfarads or greater should be paralleled by a low induc- 
tance, small value capacitor of 0.1 microfarads. 
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Table 2. Digital Interface Cliaracterlstics 



Symbol 


Parameter 


Input/Output Type 


Unite 


lA 


IB 


OA 


OB 


DC 


OD 


VlH 
ViL 
VOH 

Vol 


Input Voltage, High 
Input Voltage, Low 
Output Voltage, High 
Output Voltage, Low 


V 
V 
V 
V 


2.0 Min. 
0.8 Max. 


2.0 Min. 
0.8 Max. 


3.5 Min.^ 
0.4 Max. 2 


3.5 Min.^ 
0.4 Max.® 


0.4 Max.2 


2.4 Min.^ 
0.4 Max.2 


lOH 


input Current, Lealtage 
Output Cun-ent, High 


mA 

mA 


±2.5 Max. 




-0.1 Max. 


-0.1 Max. 




40 Min. 


lOL 


Output Current, Low 


mA 






1.6 Max. 


0.8 Max. 


1.6 Max. 


0.4 Max. 


IL 

Cl 
Cd 


Output Cun-ent, Leal<age 
Capacitive Load 
Capacitive Drive 


PF 
PF 


5 


20 


±10 Max. 
100 


±10 Max. 
100 


100 




Notes 

1.1 Load =-100 mA 














2. 1 Load = 1 .6 mA 














3. 1 Load = 0.8 mA 















Table 3. Analog Interface Characteristics 



Name 


Type 


Characteristic 


TXA 

RXA 
AUXIN 


AA 

AB 
AC 


The transmitter output is a low 
Impedance operational amplifier 
output. In order to match 
600 ohms, an external 604 ohm 
series resistor is required. 

The receiver input impedance is 
46.4Kohms±1%. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user-provided equipment. 
Because this is a sampled data input, 
any signal above half the sample rate 
(4800 Hz) will cause aliasing errors. The 
Input impedance is IK ohms, and the 
gain to transmitter output is -0.4 dB 
±1 dB. 



Because the modem uses switched capacitor filters, the 
noise floor can be degraded as the result of high frequen- 
cy noise aliased into the passband by beating with the 
switched capacitor clock. For this reason, use of linear 
power supplies, rather than switching power supplies, Is 
recommended where low level reception (i.e., around -40 
dBm) is anticipated. If switching power supplies are used, 
extra care must be taken to keep switching noise out of the 
modem. 

The following techniques have proven helpful in designing 
systems using switching supplies. By following these pro- 
cedures, satisfactory performance over the full dynamic 



range should be realized even when switching power sup- 
plies must be used. 

1. In addition to the decoupling capacitors on all 
modem power inputs, wrap the power supply output 
leads around a toroidal core to increase series in- 
ductance. This technique blocks the conducted high 
frequency noise from the switching supply. 

2. Insert a ground plane between the modem and the 
power supply. This technique reduces radiated EMI 
pickup by modem circuits. 

3. Shield analog signals in coaxial wire. Signals TXA, 

RXA, and AUXIN should be shielded. Signal AUXIN 
should be tied to ground if not used. 

When the m odem is initially energized, the Power-On 
Reset (POR) signal causes the modem t o ass ume a valid 
operational state. The modem drives POR to ground 
during the beginning of the POR sequence. Approximate- 
ly 10 milliseconds after the low-to-high transition of POR, 
the modem is ready for normal use. The POR sequence is 
reinitialized anytime the +5 volt supply drops below +3.0 
volts f or mo re than 30 milliseconds, or an external device 
drives POR low for at least 3 microseconds. 

Microprocessor interface 

Seventeen hardware circui ts pro vi de ad d ress (R S0-RS3), 
data (D 0-D7), control ( CSO, CS1, READ-<|)2, and 
WRITE-R/W) and interrupt (IRQ) signals for implementing 
a parallel interface compatible with an 8080 microproces- 
sor. The microprocessor interface timing waveforms are 
shown in Figure 2 and the microprocessor interface timing 
requirements are listed in Table 4. External logic gates can 
be jumpered to be compatible with a variety of 
microprocessor buses (i.e., 6500, 6800, or 8085). 
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Table 4. Microprocessor interface Timing 



Parameter 


Symbol 


Min. 


Max. 


Units 


CS Setup Time 


TCS 





_ 


ns 


RSi Setup Time 


TRS 


25 


- 


ns 


Data Access Time 


TDA 


- 


75 


ns 


Data Hold Time 


TDHR 


10 


- 


ns 


Control Hold Time 


THC 


10 


- 


ns 


Write Data Setup Time 


TWDS 


20 


- 


ns 


Write Data Hold Time 


TDHW 


10 


- 


ns 



The microprocessor interface allows a host microproces- 
sor to change modem configuration, read or write channel 
data as well as diagnostic data, and supervise modem 
operation by means of software strappable control bits and 
modem status bits. The significance of the control and 
status bits and methods of data interchange are discussed 
in the data sheet for each 64-pln QUIP modem. 

V.24 interface 

Six hardware circuits provide timing, data and control sig- 
nals for implementing a serial interface compatible with 
CCITT Recommendation V.24. These signals interface 
directly with circuits using TTL logic levels. These TTL 
levels are suitable for driving the short wire lengths or 
printed circuitry normally found within stand-alone modem 
enclosures or equipment cabinets. 

If the modem is operated in parallel data mode only (i.e., 
wher e the V.24 signals are un used) , all V.24 pins except 
RTS may remain unterminat ed. RT S should be pulled high 
with a 3KQ resistor between RTS and +5V. 

Cabie Equalizers 

Modems may be connected by direct wiring, such as 
leased telephone cable or through the PSTN, by means of 
a data access arrangement (DAA). In either case, the 
modem analog signal Is carried by copper wire cabling for 
at least some part of its route. The cable characteristics 
shape the passband response so that the lower frequen- 
cies of the passband (300 Hz to 1700 Hz) are attenuated 
less than the higher frequencies (1700 Hz to 3300 Hz). 
The longer the cable, the more pronounced the effect. 

To minimize the Impact of this undesired passband shap- 
ing, a compromise equalizer with more attenuation at 
lower frequencies than at higher frequencies can be 
placed in series with the analog signal. The modem in- 
cludes three such equalizers designed to compensate for 
cable distortion. The low (0) and high (1) states of signals 
CABS1 and CABS2 that are necessary to select each of 
the cable equalizer options are defined in Table 5. 

Tabie 5. Cabie Equalizer Selection 



CABS2 


CABS1 


Length of 0.4mm Diameter Cable 





1 
1 



1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Analog Signals 

Three connector pins are devoted to analog audio signals: 
TXA, RXA, and AUXIN. The TXA (transmitter analog) line 
is an output suitable for driving an audio transformer or 
data access arrangement for connection to either leased 
lines or the public switched telephone network. The output 
structure of TXA is a low impedance amplifier. In order to 
match this output to a standard telephone load of 600 
ohms, a series resistor is required. A value of 604 ohms 
±1% is recommended. 

The RXA (receiver analog) line is an input to the receiver 
from an audio transformer or data access arrangement. 
The input impedance is 46.4K ohms ±1%. The RXA input 
must be shunted by an external resistor in order to match 
a 600 ohms source. The value of 604 ohms ±1% recom- 
mended for the transmitter resistor is also suitable for the 
receiver resistor. 

The last analog connection is the input AUXIN. This line 
provides a means of inserting audio signals Into the 
modem output stage. Because this input is summed with 
the transmitter output prior to the transmitter low pass fil- 
ter and compromise equalizers, the AUXIN signal is 
sampled by a compensated sample-and-hold circuit. Any 
signal above half the sample rate (i.e., 4800 Hz) on the 
AUXIN line will be aliased back into the passband. 

MEB SUPPORT CIRCUITS 

The modem evaluation board with a 64-pin QUIP modem 
installed forms a complete data pump ready for interfacing 
to a host microprocessor (Figure 3). The host electronics 
must provide data and timing on the microprocessor inter- 
face pins to allow normal modem configuration and option 
selection plus status monitoring. Additional circuitry is 
recommended to allow generation of an eye pattern for 
diagnostic purposes (Figures 6 and 7). A commercially 
available modem test set (e.g., Phoenix 5000) can be con- 
nected directly to the V.24 serial interface (using TTL 
levels) or can be buffered with DS1488 and DS1489 type 
drivers and receivers for operation with standard RS-232 
levels. 

Schematic diagrams are provided for the RS-232 buffer 
circuit (Figure 4) and the microprocessor bus interface with 
eye pattern output (Figure 5). Note that the data clock sig- 
nal must drive both the transmitter clock and the receiver 
clock and is therefore buffered to reduce the load. Also 
note that an SN74121 is used to shorten the write pulse in 
order to meet data hold time requirements for the NE501 8 
devices. The 100 ohm resistors in series with modem sig- 
nals are required only when driving several feet of cable 
where excessive ringing may require damping. The ad- 
dress decode logic places the modem registers between 
locations 9000 and 901 F hexadecimal. The eye pattern 
digital-to-analog converters (DACs) are at locations 9071 
and 9072. 
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Figure 2. R96MFX/R96EFX Microprocessor Interface Waveforms 
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Figure 5. R96MEB Microprocessor Bus interface 
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MODEM EVALUATION 
EYE PATTERN 

The eye pattern is an oscilloscope display of the received 
baseband constellation. By monitoring this constellation, 
an observer can often identify common line disturbances, 
as well as defects in the modulation/demodulation 
process. 

In quadrature amplitude modulation (QAM), two multilevel 
amplitude modulated (AM) carriers are transmitted simul- 
taneously. Interference betweeh these two modulated car- 
riers is minimized by using carriers of identical frequency 
with a constant 90 degree relative phase angle. After 
demodulation, the multilevel baseband signals can be dis- 
played on an oscilloscope with the set of levels received 
on one carrier displayed on the X axis and the set of levels 
received on one carrier displayed on the Y axis. Since 
these signals consist of discrete levels sent at high data 
rates, the resulting oscilloscope pattern appears to be a 
fixed set of points. 

Figures 6a through 6d illustrate four examples of an eye 
pattern. Figure 6a shows the location of four ideal points 
corresponding to a signal structure using and + 1 for the 
three amplitude levels. One such signal structure is CCITT 
Recommendation V.27 at 2400 bits per second. The 
dashed lines superimposed on the eye pattern represent 
decision boundaries used by the receiver in deciding 
which ideal point corresponds to the actual received point. 
Although the transmitter sends ideal points, line impair- 
ments cause the received points to be misaligned. 

Figure 6b shows the effect of random noise. The received 
points cluster around the ideal location, but are randomly 
offset from the ideal point by the noise causing undesired 
signal modulation. The random offsets are a result of the 
random nature of the noise. If the line impairment is not 
random, but is periodic or is a function of the received sig- 
nal itself (e.g., harmonic distortion), then the distribution of 
points around the ideal location is not random. 

Figure 6c illustrates the tangential smearing resulting from 
phase jitter and Figure 6d shows the effect of amplitude 
distortion (either gain jitter or harmonic distortion). The 
magnitude of the spreading is directly proportional to the 
severity of the impairment, and represents the quality of 
the signal or the likelihood of errors in the received data. 

Consult Figure 5 for an example of eye pattern generation 
using the microprocessor bus interface and Figure 7 for 
the generation of an eye pattern using the serial diagnos- 
tic interface. 



BIT ERROR RATE 

Bit Error Rate (BER) is a measure of the steady-state 
transfer of data on the communication channel. It is the 
ratio of the number of received bits in error to the number 
of transmitted bits. This number increases with decreasing 
signal-to-noise ratio (SNR). The type of line disturbance 
and the modem configuration also affect the BER. 

The BER Performance Test Set-up (Figure 8) illustrates a 
method of measuring BER in accordance with CCITT 
Recommendation V.56. The band-limited noise level 
should be adjusted by the noise attenuator to give the 
desired signal to noise ratio for the selected received sig- 
nal level. The modem transmitter is then caused to send a 
51 1 -bit pseudo random test pattern. The signal attenuator 
is set for a received signal level of -20 dBm to simulate 
leased line operation or -30 dBm to simulate switched net- 
work operation. In leased line testing, the line simulator 
should be 3002-C1 or 3002-C2 conditioned. 

Once the receiver has trained (as indicated by a stable eye 
pattern) the BER test can begin. A large enough number 
of bits should be sent to cause at least 10 bit errors to be 
recorded. BER is calculated by dividing the number of bits 
in error by the number of bits sent. 

The impairment source can be adjusted to provide phase- 
jitter or frequency offset, etc. The BER tests can be 
repeated in the presence of these line impairments to 
determine the amount by which performance has 
degraded. All BER tests should be conducted under 
steady-state conditions; i.e., after the adaptive equalizer 
has stabilized. 

Transient response can be measured by using very short 
polling messages and comparing the number of attempts 
to send a message with the number of error free messages 
received for a specific signal-to-noise ratio and line condi- 
tion. This type of testing is called block-en-or-rate (BLER) 
and can be performed using the same test set-up as bit- 
error-rate. 

Data throughput for a specific application is determined by 
a combination of bit-error-rate and block-error-rate. 
Depending on system architecture, line conditions, error 
control method used, etc., an optimum message length 
can be chosen to maximized throughput. As messages be- 
come shorter, block-error-rate becomes the limiting factor. 
As messages become longer, bit-error-rate becomes the 
limiting factor. 
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Figure 6. Four-Point Eye Patterns 



3-140 



R96MEB 



Modem Evaluation Board 



EYEXl 



, 74LS00 



H 



EYECLK 
EYESYNC 



J3Z>^ii>T^^*"-'' 



EYEY I 



74LS04 



infi. 



74LS164 



10 

— C 

14 



(i 



12 



LE 

REF OUT 

REFIN 

ADJ 



10 



NE5018 



16 17 



o.ov 

-12V 



h 



19 



=}=O.VF 



+ 12V- 




rirO.VF 



G 



hSV 

m ... 



A 

B 
>CLK 



CLR 



O-^WSr-l 



74LS164 



10 

— C 






12 



LSB 
LE 

REF OUT 
REF IN 
ADJ 



10 



11 



4.7K 




74LS04 



NE5018 



OFFSET 



T 



o.ov_ 

-12V » <> 



17 



==0.V 



IN914B 



SUM • 1 

:FSET ± A 



r>/^K„^ AcoMP : 1 i 

PGNP AGNPI lOOOpF \7 



Tl 



±Z 0.1/tF 



X-OUT 
(SCOPE) 



Y-OUT 
(SCOPE) 



^2Kn 



Figure 7. Serial Eye Pattern Generation Sciiematic 



3-141 



RSeMEB 



Modem Evaluation Board 















300-3400 HZ 
























LEVEL 
METER 
HP3555B 






NOISE 

SOURCE 

GR1381 

5 KHZ BW 




FILTER 

COMSTRON 

FA2874 




ATTENUATOR 
HP350D 






-^ 
































' r 








MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 

(3002) 




IMPAIRMENT 
SOURCE 

BRADLEY 2A 
AND2B 




ATTENUATOR 
HP 350D 




L 






MODEM 
RECEIVER 
















i 


I 




























4 












MODEM 

TEST SET 

PHOENIX 5000 







































Figure 8. BER Performance Test Set-up 



GENERAL SPECIFICATIONS 



Voltage* 


Tolerance 


Current (Typ.) @ 25°C 


Current (Max.) @ 0°C 


+ 5VDC 
+ 12VDC 
-12VDC 


±5% 
±5% 
±5% 


85 mA 

5 mA 

30 mA 


100 mA 
10 mA 
50 mA 


* Input voltage ripple s 0.1 volts peak-to-peak. 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 


0° C to + 60° C (32° F to 140° F). 

- 40° C to + 80° C (-40° F to 176° F). (Stored in heat sealed antistatic bag and shipping container.) 

Up to 90% noncondensing, or a wet bulb temperature up to 35° C, whichever is less. 



Parameter 


Specification 


R96MEB/F 




Board Structure; 


Single PC board with single right angle header with 40 pins. Hirose HIF3F-40PA-2.54DS or equivalent 
mating connector. 


Dimensions: 

Length 

Width 

Height 
Weight (max.) 
Lead Extrusion (max.) 


2.56 in. (65 mm) 
3.94 in. (100 mm) 
0.40 in. (10.2 mm) 
2,6 oz. (73 g) 
0.100 in. (2.54 mm) 


R96MEB/D 




Board Structure: 


Single PC board with a row of 20 pins and a row of 20 pins in a dual-in-line pin configuration. 


Dimensions: 
Length 
Width 

Weight (max.) 


2.575 in. (65.4 mm) 
2.00 in. (50.8 mm) 
2.6 oz. (73 g) 


Pins: 

Length 
Thickness 


0.535 in. (13.6 mm) gold 
0.025 in. (0.64 mm) square 
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INTRODUCTION 

The Rockwell R96PCJ Is a synchronous 9600 bits per second 
(bps) modem designed for operation over the public switched 
telephone network through line terminations provided by a data 
access arrangement (DAA). 

The modem satisfies the telecommunications requirements 
specified in CCITT recommendations V.29, V.27 ter, V.21 , T.4 
and the binary signaling capabilities of T.30. The R96PCJ can 
operate at speeds of 9600, 7200, 4800, 2400 and 300 bps, and 
includes the V.27 ter short training sequence option. Employ- 
ing advanced signal processing techniques, the R96PCJ can 
transmit and receive data even under extremely poor line 
conditions. 

User programmable features allow the modem operation to be 
tailored to support a wide range of functional requirements. The 
modem's small size, low power consumption, and serial/parallel 
host interface simplify system design and allow installation in 
a small enclosure. 



FEATURES 

• Ultimate User Compatibility: 

— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4 

• Half-Duplex (2-Wire) 

• Programmable Tone Generation and Detection 

• Dynamic Range: -47 dBm to dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link Amplitude (Selectable) 

• DTE Interface: 

~ Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Small Size: 100 mmx65 mm (3.94 in. x 2.56 in.) 

• Low Power Consumption: 2W (typical) 

• Transmit Output Level: +5 dBm ±1 dB 

• TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 

TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 

T.30 Tonal Signaling Frequencies 



Function 


Frequency 
(Hz ±0.01 Hz) 


Calling Tone (CNG) 
Answer Tone (CED) 


1100 
2100 


Carrier Frequencies 


Function 


Frequency 
(Hz ±0.01 Hz) 


V 27 ter Carrier 
V.29 Carrier 


1800 
1700 



TONE GENERATION 

Under control of the host processor, the R96PCJ can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 



TONE DETECTION 

In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is indicated by bits in the interface memory 
of the R96PCJ. 



SIGNALING AND DATA RATES 

Signaling/Data Rates 



Parameter 


Specification 
(±0.01%) 


Signaling Rate- 
Data Rate 


2400 baud 
9600 bps, 
7200 bps, 
4800 bps 


Signaling Rate- 
Date Rate. 


1600 baud 
4800 bps 


Signaling Rate. 
Data Rate. 


1200 baud 
2400 bps 



EQUALIZERS 

The R96PCJ provides the following equalization functions which 
can be used to improve performance when operating over poor 
lines: 

Cable Equalizers — Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 

Link Amplitude Equalizer — The selectable compromise ampli- 
tude equalizer may be inserted into the transmit and/or receive 
paths under control of the transmit amplitude equalizer enable 
and the receive amplitude equalizer enable bits in the interface 
memory. The amplitude select bit controls which of two ampli- 
tude equalizers is selected. 

Automatic Adaptive Equalizer — An automatic adaptive equal- 
izer is provided in the receiver circuit for V.27 and V.29 config- 
urations. The equalizer can be configured as either a T or a T/2 
equalizer. 

TRANSMITTED DATA SPECTRUM 

If neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions: 

1 . 7200 Baud. Square root of 90 percent. 

2. 1600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

The out-of~band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The R96PCJ incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 ter 
or V.29 depending on the selected configuration. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R96PCJ can adapt to received fre- 
quency error of up to ±10 Hz with less than a 2 dB degrada- 
tion in BER performance. 




DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) form- 
ing a 4-point structure. 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 ter 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 ter. 



RECEIVE LEVEL 

The receiver circuit of the R96PCJ satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to - 43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

RECEIVE TIMING 

In the receive state, the R96PCJ provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a ±0.01% fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 
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TRANSMIT LEVEL 

The transmitter output level is fixed at +5 dBm ± 1 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide - 1 dBm ±1 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the R96PCJ provides a Data Clock (DCLK) 
output with the following characteristics: 

1 . Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz (±0.01%). 

2. Duty Cycle. 50 ±1%. 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

A total of 14 selectable turn-on sequences can be generated 
as defined in the following table: 

Turn-On Sequences 



















CTS2 










Response Time 




No. 


v.2g 


V.27 ter 


(milliseconds) 


Comments 


1 


9600 bps 




253 




2 


7200 bps 




253 




3 


4800 bps 




253 




4 




4800 bps long 


708 




5 




2400 bps long 


943 




6 




4800 bps short 


50 




7 




2400 bps short 


67 




8 


9600 bps 




438 


Preceded by i 


9 


7200 bps 




438 


Echo Protector 


10 


4800 bps 




438 


Tone for lines 


11 




4800 bps long 


913 


using echo 


12 




2400 bps long 


1148 


suppressors 


13 




4800 bps short 


255 




14 




2400 bps short 


272 




1 . Turn-on sequences 8 throug 


h 14 are used on 


lines with pro- 


tection against talker echo. 






2. V.21 (300 bps FSK) RTS-CT 


S delay is 14 ms c 


}r less. 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled ones followed by a 20 ms period of no 
trans mitte d energy. In V.21 the transmitter turns off within 7 ms 
after RTS goes false. 

CLAMPING 

The following clamps are provided with the R96PCJ: 
1 . Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



2. Received Line Signal Detector ( RLSD ). RLSD is clamped off 
(squelched) during the time wh en RTS is on. 

3. Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the turn-off sequence. 



RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time betwe en the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 253 ms for V.29, 708 ms for V. 27 ter 
at 4800 bps, and 943 ms for V.27 ter at 2400 bps. In V.21 CTS 
turns on in 14 ms or less. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 



For either V.27 ter or V.29, RLSD turns on at the end of the train- 



ing sequence. If training is not detected at the re ceiver, the RLSD 
off-to-on response time is 15 ±10 ms. The RLSD on-to-off 
response time for V.27 is 1 ± 5 ms and for V.29 is 30 ±9 ms. 
Response times are measured with a signal at least 3 dB above 
the ac tual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Two threshold options are p rovided : 

1 . Greater than - 43 dB m (RLS D on) 
Less than -48 dBm (RL SD off ) 

2. Greater than -47 dB m (RLS D on) 
Less than - 52 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to the receiver's audio input (RXA). 

MODES OF OPERATION 

The R96PCJ is capable of being operated in either a serial or 
a parallel mode of operation. 

SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the R96PCJ Functional Interconnect Diagram) illustrates this 
capability. 

PARALLEL MODE 

The R96PCJ has the capability of transferring channel data eight 
bits at a time via the microprocessor bus. 

MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on. In either mode the R96PCJ is con- 
figured by the host processor via the microprocessor bus. 
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INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin ribbon connector. Software circuits are assigned to 
specific bits in a 32-byte interface memory. 



HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the R96PCJ Hardware 
Circuits table; the table column titled Type' refers to designa- 
tions found in the Hardware Circuit Characteristics. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 



R96PCJ Hardware Circuits 



R96PCJ Hardware Circuits (Cont.) 



Name Type Pin No. 



Description 



A. OVERHEAD: 



Ground 
+ 5 volts 
+ 12 volts 
-12 v olts 
FOR 



GND 
PWR 
PWR 
PWR 
l/OA 



14, 39 
3, 4 
26 
37 
36 



Power Supply Return 
+ 5 Vdc Supply 
+ 12 Vdc Supply 
-12 Vdc Supply 
Power-on-reset 



Name | Type { Pin No. | Description 


B. MICROPROCESSOR INTERFACE: 


D7 


l/OA 


71 






D6 


l/OA 


5 






D5 


l/OA 


9 






D4 
D3 


l/OA 
l/OA 


31 
15 




Data Bus (8 Bits) 


D2 


l/OA 


28 






D1 


l/OA 


23 






DO 


l/OA 


29 J 






RS3 


lA 


30 1 






RS2 


lA 


8 




Register Select (4 Bits) 


RS1 


lA 


27 




Select Reg - F 


RSO 


lA 


10 J 






CSO 


lA 


6 


Chip Select Sample Rate Device 


CS1 


lA 


18 


Chip Select Baud Rate Device 


READ 


lA 


1 


Read Enable 


WRITE 


lA 


2 


Write Enable 


IRQ 


OB 


32 


Interrupt Request 


C. V.24 INTERFACE: 


DCLK 


00 


13 


Data Clock 


RTS 


IB 


19 


Request-to-Send 


GTS 


OC 


17 


Clear-to-Send 


TXD 


IB 


20 


Transmitter Data 


RXD 


OC 


21 


Receiver Data 


RLSD 


OC 


16 


Received Line Signal Detector 


D. CABLE EQUALIZER: 


CABS1 


IC 


33 


Cable Select 1 


CABS2 


IC 1 34 


Cable Select 2 


Unused inputs tied to +5V or ground require individual 10K Q series 


resistors 
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Critical Timing Requirements 



Name | Type 


Pin No. 


Description 


E. ANALOG SIGNALS: 


TXA 
RXA 
AUXIN 


AA 
AB 
AC 


38 
40 
36 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 


F. DIAGNOSTIC: 


EYEX 
EYEY 
EYECLK 
EYESYNC 


OC 
DC 
OA 
OA 


24 
25 
11 
12 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




ns 


Data Access time after Read 


TDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSi, RSi hold time after 
Read or Write 


TCH 


10 





ns 


Write data setup time 


TWDS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


TWR 


75 


— 


ns 



Eye Pattern Generation 

The four hardware diagnostic circuits, identified in the preceding 
table, allow the user to generate and display an eye pattern. Cir- 
cuits EYEX and EYEY serially present eye pattern data for the 
horizontal and vertical display inputs respectively. The 8-bit data 
words obtained from registers 1:3 and 1:1 (see RAM Data 
Access) are shift ed out mo st significant bit first clocked by the 
rising edge of the EYECLK output. The EYESYNC output is pro- 
vided for word synchronization. The falling edge of EYESYNC 
may be used to transfer the 8-bit word from the shift register 
to a holding register. Digital to analog conversion can then be 
performed for driving the X and Y inputs of an oscilloscope. 



Cable Equalizer Selection 

Cable Equalizer Selection 



CABS 2 


CABS 1 


Length of 0.4mm Diameter Cable 





1 
1 



1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Digital interface Characteristics 

The digital interface characteristics are listed in the table on the 
following page. 



Microprocessor Timing 



CSI 
(i = 0.1) 



READ 



READ 



WRITE 



TCS-H 



Di 
(i = 0-7)- 



TCS-^ 



TDA-^ 



r^ 



U-TCH TCS-*- 



-^TCH TCS- 



U^ 



<»-TDH -*■ 



u — <c^ 



f 



-TCH 



-*-TCH 



*-TWDS 



Microprocessor Interface Timing Diagram 



Analog interface Characteristics 

Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 

RXA 
AUXIN 


AA 

AB 
AC 


The transmitter output is a low impedance 
operational amplifier output. In order to 
match to 600 ohms, an external 604 ohm 
series resistor is required. 

The receiver input impedance is 
eOKohms ±23%. 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment. 
Because this is a sampled data input, any 
signal above 4800 Hz will cause aliasing 
errors. The input impedance is IK ohms, 
and the gain to transmitter output is 
-0.4dB ±1 dB. 



SOFTWARE CIRCUITS 

The R96PCJ comprises two signal processor chips. Each chip 
contains 16 registers to which an external (host) microprocessor 
has access. Although these registers are within the modem, they 
may be addressed as part of the host processor's memory space. 
The host may read data from or write data to these registers. 
The registers are referred to as interface memory. Registers in 
chip update at the modem sample rate (9600 bps). Registers 
in chip 1 update at the selected baud rate. 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


10 


OA 


OB 


DC 


I/O A 


I/OB 


V,H 


Input Voltage, High 


V 


2 min. 


2.0 min. 


2.0 mm 








2.0 mm 


5.25 max. 
2 mm. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max 








8 max. 


8 max 


VOH 


Output Voltage, High 


V 








2 4 min 1 






2.4 mm. ^ 


2.4 mm. 3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


4 max.2 


0.4 max 2 


0.4 max.2 


0.4 max.5 


'in 


Input Current, Leakage 


/iA 


±25 max 












±12 5 max 4 




'oh 


Output Current, High 


mA 








-0.1 max 










'OL 


Output Current, Low 


mA 








1.6 max. 


1.6 max. 


1.6 max. 






'l 


Output Current, Leakage 


mA 










±10 max 








'pu 


Pull-up Current 
(Short Circuit) 


mA 




-240 max. 
-10 min. 


-240 max. 
-10 mm. 






- 240 max. 
-10 mm. 




-260 max. 
-100 mm 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitive Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Dram 
w/Puil-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


















1. 1 load = -100/iA 




5. 1 load 


= 0.36 mA 












2. Iload = 1.6 mA 


















3. 1 load = -40/iA 


















4. V,N = 0.4 to 2.4 Vdc, Vqc = £ 


25 Vd 


c 
















When information in these registers is being discussed, the for- 
mat Y:Z:Q is used. The chip is specified by Y(0 or 1), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). A bit is considered to 
be "on" when set to a 1. 

Status/Control Bits 

The operation of the R96PCJ is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Bits 
designated by an 'X' are "Don't Care" inputs that can be set 
to either 1 or 0, Modem operation is monitored by various soft- 
ware flags that are read from interface memory via the host 
microprocessor bus. All status and control bits are defined in 
the Interface Memory table. Bits designated by an '— ' are 
reserved for modem use only and must not be changed by the 
host. 

RAM Data Access 

The R96PCJ provides the user with access to much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 

Two RAM access registers are provided in the interface memory 
to allow user access to various RAM locations within the modem. 
The access code stored in 0:F selects the source of data for the 
RAM data registers in chip (0:0 through 0:3). Similarly, the 
access code stored in 1 :F selects the source of data for registers 
1 :0 through 1 :3. Reading is performed by storing the desired 
access code in register 0:F (or 1:F), performing a read of 0:0 
(or 1 :0) to reset 0:E:0 (or 1 :E:0), then waiting for 0:E:0 (or 1 :E:0) 
to return to a one. The data may now be read from 0:3 through 
0:0 (or 1:3-1:0). 



Data in registers 1:3 and 1:1 are presented serially on EYEX 
and EYEY, respectively. 



RAM Access Codes 

The RAM access codes defined in the following table allow the 
host processor to read diagnostic information within the modem. 



R96PCJ RAM Access Codes 



Node 


Function 


Access 


Chip 


Reg. No. 


1 


Received Signal Samples 


40 





2,3 


2 


Demodulator Output 


42 





0,1,2,3 


3 


Low Pass Filter Output 


54 





0,1,2,3 


4 


Average Energy 


5C 





2,3 


5 


AGO Gam Word 


01 





2,3 


6 


Equalizer Input 


40 




0,1,2,3 


7 


Equalizer Tap Coefficients 


01-20 




0,1,2,3 


8 


Unrotated Equalizer Output 


61 




0,1,2,3 


9 


Rotated Equalizer Output 
(Received Point— Eye Pattern) 


22 




0,1,2,3 


10 


Decision Points (Ideal) 


62 




0,1,2,3 


11 


Error Vector 


63 




0,1,2,3 


12 


Rotation Angle 


00 




0,1 


13 


Frequency Correction 


A8 




2,3 


14 


EQM 


AB 




,2,3 
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R96PCJ Interface Memory Chip (CS 


0) 




\. Bit 
Register\ 


7 


6 


5 


4 


3 


2 


1 





F 


PDM 


RAM ACCESS S 


E 


lAO 


— 


_ 


— 


SETUP 


lEO 


_ 


MDAO 


D 


— 


™ 


— 


— 


— 


— 


_ 


«_ 


C 


_ 


__ 


— 


— 


— 


_ 


_ 


— 


B 


— 


— 


— 


— 


— 


— 


— 


— 


A 


— 


_ 


_ 


— 


— 


— 


~ 


^ 


9 


— 


— 


— 


— 


— 


— 


— 


— 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


_ 


— 


__ 


_ 


_ 


— 


— 


— 


6 


— 


— 


— 


— 


— 


«- 


— 


_ 


5 


RTS 


TDIS 


X 


X 


EPT 


SQEXT 


T2 


LRTH 


4 


CONFIGURATION 


3 


RAM DATA XSM; FREQM 


2 


RAM DATA XSL; FREQL 


1 


RAM DATA YSM 





RAM DATA YSL; TRANSCEIVER DATA 


Register/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





X = User available (not used by modem). 
— = Reserved (modem use only). 



R96PCJ Interface Memory Chip 1 (CS1) 



Registe\ 


7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS B | 


E 


IA1 


~ 


— 


— 


— 


IE1 


_« 


MDA1 


D 


X 


TLE 


RLE 


J3L 


X 


X 


X 


— 





X 


X 


X 


X 


X 


X 


X 


X 


B 


FR3 


FR2 


FR1 


— 


_ 


— 


— 


— 


A 


— 




~ 


— 


— 


— 


— 


— 


9 


_ 


— 


-^ 


— 


_ 


— 


— 


— 


8 


— 


— 


— 


— 


_ 


— 


— 


~ 


7 


— 


PNDET 


^ 


__ 


— 


— 


— 


CDET 


6 


— 




— 


— 


__ 


— 


— 


— 


5 


_ 


FED 


_ 


_ 


— 


— 


_ 


— 


4 


— 


— 


— 


— 


— 


P2DET 


— 


— 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


t: 


7 


6 


5 


4 


3 


2 


1 





X = User available (not used by modem). 
— = Reserved (modem use only). 
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R96PCJ Interface Memory Definitions 



Mnemonic 



Name 



Memory 
Location 



Description 



CDET 



(None) 



Carrier Detector 



Configuration 



170 



(None) 



Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



053 



156 



2 0-7, 
3 0-7 



The zero sta te of C DET indicates passband energy is being detected, and a training sequence is 
not present CD ET goe s to zero at the start of the data st ate, an d returns to one at the end of the 
received si gnal C DET activates up to 1 baud time before RLSD and deactivates within 2 baud 
times after RLSD 

The host processor configures the R96PCJ by writing a control code into the configuration 
register in the interface memory space (See SETUP) 

Configuration Control Codes 

Control codes for the four available R96PCJ configurations are 



Configuration 

V 29 9600 

V 29 7200 

V 29 4800 

V 27 4800 Long 

V 27 2400 Long 

V 27 4800 Short 

V 27 2400 Short 
Tone Transmit 
FSK 



Configuration Code (HEX) 

14 
12 
11 
OA 
09 
4A 
49 
80 
20 



Configuration Definitions 

Definitions for the four available R96PCJ configurations are 

1 V 29. When any of the V29 configurations has been selected, the modem operates as specified 
in CCITT Recommendation V29 

2 V 27 When any of the V27 configurations has been selected, the modem operates as specified 
m CCITT Recommendation V27 ter 

3 FSK. The modem operates as a CCITT T30 compatible 300 bps FSK modem having 
characteristics of the CCITT V21 channel 2 modulation system 

4 Tone Transmit In this configuration, activating signal RTS causes the modem to transmit a tone 
at a single frequency specified by the user Two registers in the host interface memory space 
contain the frequency code The most significant bits are specified in the FREQM register (0 3) 
The least significant bits are specified in the FREQL register (0 2) The least significant bit 
represents 146486 Hz ±001% The frequency generated is f = 0146486(256 FREQM + FREQL) 
Hz ±001% 

If EPT IS a one, an unmodulated earner is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence This option is available in both the 
V27 and V29 configurations, although it is not specified in the CCITT V29 Recommendation 

The zero state of FED indicates energy is present above the receiver threshold in the passband 



The host processor conveys tone generation data to the transmitter by writing a 16-bit data word to 
the FREQL and FREQM registers in the interface memory space, as shown below 

FREQM Register (0 3) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Data Word 


215 


214 


213 


212 


211 


210 


1 29 


28 


?EOL Register (0 2) 


Bit 


7 


6 


5 


4 


3 


2 


1 





Data Word 


27 


26 


25 


24 


23 


22 


21 


20 
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R96PCJ Interface Memory Definitions (continued) 



Mnemonic 


Name 


IVIemory 
Location 


Description 








The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01% 








Hexadecimal frequency numbers (FREQM, FREQL) for commonly generated tones are given 
below 

Frequency (Hz) FREQI\/I FREQL 








462 OC 52 
1100 ID 55 
1650 2C 00 
1850 31 55 
2100 38 00 


FR1-FR3 


Frequency 1,2,3 


1:6-5,6,7 


The one state of FR1, FR2 or FR3 indicates reception of the respective tonal frequency when the 
modem is configured for FSK. The default frequencies for FR1, FR2 and FR3 are: 

Bit Frequency (Hz) 

FR1 2100 
FR2 1100 
FR3 462 


IA1 


Interrupt Active 
(One) 


1E:7 


IA1 IS a one when Chip 1 is driving IRQ to zero volts 


lAO 


Interrupt Active 
(Zero) 


0:E-7 


lAO is a one when Chip is driving IRQ to zero volts 


lEO 


Interrupt Enable 
(Zero) 


0:E:2 


The one state of lEO causes the IRQ output to be low when the DAO bit is a one 


IE1 


Interrupt Enable 
(One) 


1E.2 


The one state of IE1 causes the IRQ output to be low when the DAI bit is a one 


J3L 


Japanese 3 Link 


1.D.4 


The one state of J3L selects this standard for link amplitude equalizer. The zero state of J3L 
selects U S survey long 


LRTH 


Lower Receive 
Threshold 


0:50 


The one state of LRTH lowers the receiver turn-on threshold from -43 dBm to -47 dBm. (See 
SETUP ) 


MDAO 


Modem Data 
Available (Zero) 


0:E:0 


MDAO goes to one when the modem reads or writes register 0:0 MDAO goes to zero when the 
host processor reads or writes register 0:0. MDAO is used for parallel mode as well as for 
diagnostic data retrieval. 


MDA1 


Modem Data 
Available (One) 


1:E:0 


MDA1 goes to one when the modem writes register 10 MDA1 goes to zero when the host 
processor reads register 1:0 


RDM 


Parallel Data 
Mode 

Penod 'N' 
Detector 

Period '2' 
Detector 


OF 7 
1-7 6 
1:4:2 


The one state of PDM places the modem in the parallel mode and inhibits the reading of Chip 
diagnostic data. 


PNDET 


The zero state of PNDET indicates a PN sequence has been detected. PNDET sets to a one at the 
end of the PN sequence. 


P2DET 


The zero state of P2DET indicates a P2 sequence has been detected P2DET sets to a one at the 
start of the PN sequence. 


(None) 


RAM Access B 


1 FO-7 


Contains the RAM access code used in reading or writing RAM locations in Chip 1 (baud rate 
device) 


(None) 


RAM Access S 


OF 0-6 


Contains the RAM access code used in reading RAM locations in Chip (sample rate device) 


(None) 


RAM Data XBL 


1:20-7 


Least significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 


(None) 


RAM Data XBM 


1.3 0-7 


Most significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 
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R96PCJ Interface Memory Definitions (continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



(None) 
(None) 
(None) 
(None) 
(None) 

(None) 

RLE 

RTS 

SETUP 



SQEXT 
TDIS 



TLE 



(None) 



T2 



RAM Data XSL 



RAM Data XSM 



RAM Data YBL 



RAM Data YBM 



RAM Data YSL 



RAM Data YSM 



Receiver Link 
Equalizer 

Request-to-Send 



Setup 



Squelch Extend 
Training Disable 



Transmitter Link 
Equalizer 

Transceiver Data 



T/2 Equalizer 
Select 



020-7 



3 0-7 



10-7 



1 D5 



057 



5-2 
056 



1 D6 



Least significant byte of 16-bit word x used in reading RAM locations m Chip (sample rate 
device) 

Most significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device) 

Least significant byte of 16-bit word y used in reading or writing RAM locations m Chip 1 (baud 
rate device) (See DA1 ) 

Most significant byte of 16-bit word y used in reading or wnting RAM locations in Chip 1 (baud 
rate device) 

Least significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device) Shared by parallel data mode for presenting channel data to the host microprocessor 
bus (See Transceiver Data and DAO ) 

Most significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device) 

The one state of RLE enables the link amplitude equalizer in the receiver 



The one state of RTS begins a transmit sequence The modem will continue to transmit until RTS 
IS turned off, a nd the turn-off sequence has been completed RTS parallels the operation of the 
hardware RTS control input These inputs are "ORed" by the modem 

The one state of SETUP causes the modem to reconfigure to the control word in the configuration 
register, and to assume the options specified for equalizer (0 5 1) and threshold (0-5:0) SETUP 
returns to zero when acted on by the modem The time required for the SETUP bit to cause a 
change depends on the current state of the modem The following table lists worst case delays. 



Current 
State 


V.21 


High Speed 
Receiver 


High Speed Transmitter 


DELAY 


14 ms 


2 BAUD 


2 BAUD + TURNOFF Sequence + Training (if 
applicable) + SQUELCH (if applicable) 



The one state of SQEXT inhibits reception of signals for 130 ms after the turn-off sequence. 

If TDIS IS a one in the rece ive state, the modem is prevented from entering the training phase If 
TDIS IS a one prior to RTS going on, the generation of a training sequence is prevented at the 
start of transmission 

The one state of TLE enables the link amplitude equalizer in the transmitter 



In receive parallel data mode, the modem presents eight bits of channel data m register 0*0 for 
reading by the host microprocessor After the eight bits have been accumulated in register O'C 
they are transferred to and bit E goes to a one. When the host reads 0.0, bit 0:E:0 resets 
to a zero The first bit of received data is not necessarily located in bit 0.0:0. The host must frame 
the received data by searching for message sync characters Bit EO sets at one eighth the bit 
rate in parallel data mode rather than at the sample rate (9600 Hz) as it does when reading RAM 
locations 

In transmit parallel data mode, the host stores data at location This action causes bit E to 
reset to a When the modem transfers the data from to 2 bit 0-E sets to a 1. The data is 
serially transmitted from register 2 least significant bit first Received data is shifted into register 
C from MSB toward LSB 

If T2 IS a one, an adaptive equalizer with two taps per baud is used If T2 is a zero, an adaptive 
equalizer with one tap per baud is used The number of taps remains the same for both cases. 
(See SETUP) 
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POWER-ON INITIALIZATION 

When power is applied to the R96PCJ, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this period. Approximately 10 ms after 
the low-to-hi gh tra nsition of POR, the modem is ready to be con- 
figured, and RTS may be activated. If the 5 Vdc power supply 
drops below 3.5 Vdc for more than 30 ms, the POR cycle is 
repeated. 

At POR time the modem defaults to the following configuration: 
V.29/9600 bps, T/2 equalizer, serial mode, training enabled, echo 
protector tone on, no extended squelch, higher receive 
threshold, interrupts disabled, no link equalizer, and RAM access 
codes 00. 

POR can be connected to a user supplied power-on-reset signal 
in a wire-or configuration. A low active pulse of 3 ixs or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be confi gured 10 ms after the low active pulse is 
removed from POR. 

PERFORMANCE 

Whether functioning as a V.27 ter or V.29 type modem, the 
R96PCJ provides the user with unexcelled high performance. 

TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 



Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm as illustrated. 



TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15° 
peak-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio 
of 15 dB in the presence of 30° peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 

At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence 
of 15° peak-to-peak phase jitter at 60 Hz. 

At 7200 bps (V.29), the modem exhibits a bit error rate of 10"^ 
or less with a signal-to-noise ratio of 25 dB in the presence of 
12° peak-to-peak phase jitter at 300 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 1 0° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 20° peak-to-peak phase jitter at 30 Hz. 

An example of the BER performance capabilities is given in the 
following diagrams: 
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The BER performance test set-up is shown in the following 
diagram: 







LEVEL 

METER 

HP 3552A 






















MODEM 
TRANS- 
MITTER 




3002 

LINE 
SIMULATOR 
SEG FA-1445 




IMPAIRMENT 
SOURCE 

BRADLEY 2A 
AND2B 




ATTENUATOR 
HP 350D 






MODEM 
RECEIVER 


























^ 


1 








MODEM 

TEST SET 

PHOENIX 

5000 


NOTE 
SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING. 



BER Performance Test Set-up 
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GENERAL SPECIFICATIONS 







Power 




Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ G^C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 
±5% 


400 mA 

5 mA 

30 mA 


<500 mA 
<10mA 
<50 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity 


O^C to -h60°C (32°F to 140°F) 

-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to SS^C, whichever is less 



Mechanical 



Parameter 


Specification 


Board Structure 


Single PC board with single right angle header with 40 pins. Burndy FRS 40BS8P or equivalent mating 




connector 


Dimensions 




Width 


3.937 in. (100 mm) 


Length 


2 559 in (65 mm) 


Height 


40 in (10.2 mm) 


Weight (max) 


2.6 oz. (73 g) 


Lead Extrusion (max) 


0.100 in. (2.54 mm) 



0.156 ±0.003 DIA (4 PL) 
(3-96) 0.637 



3.437 
(100) 

3.675 
(93.3) 



2.30 
(58.4) 



(25.4) 

Y 



(16.18) 



2.300 



(58.4) 



2.559 



0.512 
(13) 

0.235 
(5.97) 



0.277 
(7.04) 
0.125 




(3.18) 
(65) ^ 

COIVIPONENT AREA 



=L 



UNITS: 



INCHES 



0.100 
(2.54) 



RIBBON CONNECTOR VERSION 



0.400 MAX 



(10.16) 



R96PCJ Dimensions and Pin Locations 
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INTRODUCTION 

The Rockwell R96FI is a synchronous 9600 bits per second (bps) 
modem. It is designed for operation over the public switched 
telephone network (PSTN) through line terminations provided 
by a data access arrangement (DAA). 

The modem satisfies the telecommunications requirements 
specified in CCITT recommendations V.29, V.27 ter, T.30, T.4 
and T.3. The R96FI can operate at speeds of 9600, 7200, 4800, 
2400 and 300 bps. Employing advanced signal processing 
techniques, the R96FI can transmit and receive data even under 
extremely poor line conditions. 

The R96FI Is designed for use in Group 3 facsimile machines 
and is also compatible with Group 2 machines. User program- 
mable features allow the modem operation to be tailored to 
support a wide range of functional requirements. The modem's 
small size, low power consumption, serial/parallel host interface, 
simplify system design. 

The R96FI has fewer discrete components than the R96F and 
operates over a wider temperature range, i.e , up to 70°C. All 
other specifications in this data sheet apply to the R96F as well 
as the R96FI. 



FEATURES 

• Compatibility: 

— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, T.3 

• Group 3 and Group 2 Facsimile 

• Half-Duplex (2-Wire) 

• Tone Detection 

• Programmable Tone Generation and Detection 

• Dynamic Range: -47 dBm to dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link Amplitude (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Small Size: 100 mmx65 mm (3.94 in. x 2.56 in.) 

• Low Power Consumption: 2W (Typical) 

• Transmit Output Level: +5 dBm ±1 dB 

• TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 

TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 

T.30 Tonal Signaling Frequencies 





Frequency 


Function 


(Hz ±0.01%) 


Calling Tone (CNG) 


1100 


Answer Tone (CED) 


2100 


Group 2 Identification (C12) 


1850 


Group 2 Command (GC2) 


2100 


Group 2 Confirmation (CFR2, MCF2) 


1650 


Line Conditioning Signal (LCS) 


1100 


End of Message (EOM) 


1100 


Procedure Interrupt (PIS) 


462 



Carrier Frequencies 



Function 



T 3 Carrier (Group 2) 

V 27 ter Carner 

V 29 Carner 



Frequency 
(Hz ±0.01%) 



2100 
1800 
1700 



TONE GENERATION 

Under control of the host processor, the modem can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated 

TONE DETECTION 

In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is indicated by bits in the interface memory 
of the modem. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 



Parameter 


Specification 
(±0.01%) 


Signaling Rate 
Data Rate 


2400 baud 
9600 bps, 
7200 bps, 
4800 bps 


Signaling Rate. 
Date Rate. 


* 1600 baud 
4800 bps 


Signaling Rate 
Data Rate 


1200 baud 
2400 bps 



DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29 At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
IS divided into three bits (tribits) forming an S-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) form- 
ing a 4-pomt structure 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 ter 



At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V 27 ter 

EQUALIZERS 

The modem provides the following equalization functions which 
can be used to improve performance when operating over poor 
lines 

Cable Equalizers — Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 4 mm diameter. 

Link Amplitude Equalizer — The selectable compromise ampli- 
tude equalizer may be inserted into the transmit and/or receive 
paths under control of the transmit amplitude equalizer enable 
and the receive amplitude equalizer enable bits in the interface 
memory. The amplitude select bit controls which of two ampli- 
tude equalizers is selected. 

Automatic Adaptive Equalizer — An automatic adaptive equal- 
izer IS provided in the receiver circuit for V.27 and V.29 config- 
urations. The equalizer can be configured as either a T or a T/2 
equalizer 

TRANSMITTED DATA SPECTRUM 

If neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions- 

1. 1200 Baud. Square root of 90 percent 

2. 7600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing scrambler/ 
descrambler This facility is in accordance with either V 27 ter 
or V.29 depending on the selected configuration. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The modem receiver circuit can adapt to received frequency 
error of up to ±10 Hz with less than a 0.2 dB degradation in 
BER performance Group 2 carrier recovery capture range is 
2100 ±30 Hz. The Group 2 receiver operates properly when 
the carrier is varied by ± 16 Hz at a 0.1 Hz per second rate. 

RECEIVE LEVEL 

The modem receiver circuit satisfies all specified performance 
requirements for received line signal levels from dBm to 
-43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

RECEIVE TIMING 

In the receive state, the modem provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a ±0.01% fre- 
quency error m the associated transmit timing source. DCLK 
duty cycle is 50% ±1% 
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TRANSMIT LEVEL 

The transmitter output level is fixed at +5 dBm ± 1 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide - 1 dBm ±1 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the modem provides a Data Clocl< (DCLK) 
output with the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz (±0.01%). In Group 2, DCLK tracks an external 
10368 Hz clock. If the external clock input (XCLK) is 
grounded, the Group 2 DCLK is 10372.7 Hz ±0.01%. 

2. Duty Cycle. 50 ±1% 

Transmit Data (TXD) must be stable during the 1 microsecond 
period immediately preceding and the 1 microsecond period 
immediately following the rising edge of DCLK. 

TURN-ON SEQUENCE 

A total of ten selectable turn-on sequences can be generated 
by the modem, as defined in the following table- 
Turn-On Sequences 



Specification 


RTS~CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector 
Tone Enabled 


V29 

V.27 4800 bps 

V 27 2400 bps 


253 ms 
708 ms 
943 ms 


438 ms 
913 ms 
1148 ms 


V 21 300 bps 
Group 2 


<14 ms 
<400 ^lS 


<14 ms 
<400 ixs 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled ones followed by a 20 ms period of no 
trans mitte d energy. In V.21 the transmitter turns off within 7 ms 
after RTS go es fa lse. In Group 2 the transmitter turns off within 
200 ^s after RTS goes false. 

CLAMPING 

The following clamps are provided with the modem: 

1. Received Data (RXD). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 

2. Received Line Signal Detector (RLS D). R LSD is clamped off 
(squelched) during the time when R TS is on 

3. Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the turn-off sequence. 

RESPONSE TIMES OF CLEAR-TO-SEND (CfS) 

The time betwe en the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 



sequence. Response time is 253 ms for V.29, 708 ms for V.27 
ter at 4800 bps, and 943 ms for V.27 ter at 2400 bps. In V.21 CTS 
turns on in 14 ms or less. In Group 2 CTS turns on in 400 ^s 
or less. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 

For either V.27 ter or V.29, RLSD turns on at the end of th e train- 
ing sequence. If training is not detected at the re ceiver, the RLSD 
off-to-on response time is 15 ±10 ms. The RLSD on-to-off 
response time for V.27 is 10 ± 5 ms and for V.29 is 30 ±9 ms. 
Response times are measured with a signal at least 3 dB above 
the ac tual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Two threshold options are provide d: 
1 Greater than -43 dB m (RLS D on) 

Less than -48 dBm (RL SD off ) 
2. Greater than -47 dB m (RLS D on) 

Less than -52 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hyste.«'esis action are measured with an unmodulated 2100 Hz 
tone applied to the receiver's audio input (RXA). 

MODES OF OPERATION 

The modem operates in either a serial or a parallel mode. 

SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the Modem Functional Interconnect Diagram) illustrates this 
capability. 

PARALLEL MODE 

The modem can transfer channel data eight bits at a time via 
the microprocessor bus. 

MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
senal mode at power-on. In either mode the modem is configured 
by the host processor via the microprocessor bus. 




3-159 



R96FI 


9600 bps Facsimile Modem 










1 1 

1 1 zz=^ 


R96FI 
MODEM 

Di 
RSI 

CSI 

) 
) 


^ CABS2 




^ CABS1 


o :: 

SCOPE 




n "'^ torn 


-tuiij 




hm ^^^ n 




- 


i i 


I 




1 USRT 
1 (OPTIONAL) 


1 TXD 


EYEX _ ,L 


Y 




1 ^ DCLK 


EYEY ^ 


EYE 

PATTERN 

GENERATOR 

> 




1^^ RLSD 


EYESYNC _ 


1 v-'-^ v^ 




: 




tl '^^'^ 


^ EYECLK 




1^ 


_ +12V 


1 i 




1 , 


ii 


U 


-J 

READ ^ 


m ""^^ 


POWER 
SUPPLY 






41 ^"^^ 






^ -12V 




HOST 

PROCESSOR 

(DTE) 

( 
( 


rv_ 






W"'^^ ». 




Lr* 




DATA BUS (8) ^^ 


TXA _ 






LINE 
INTERFACE 


• 


ADDRESS BUS (4) _ 


^ RXA 


TELEPHONE 
LINE 


1 


_ 




DECODER lO^^^i^^W^ 




■^^"~ — — 


n* ''°'* mn 


_ AUXiN 






n^ '?Q n 




















+ 


5 — VS/^ ' 



















Modem Functional Interconnect Diagram 



INTERFACE CHARACTERISTICS 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin nbbon connector or in a 41 -pin dual in-line pin connector 
Software circuits are assigned to specific bits in a 32-byte inter- 
face memory. 

HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the IVIodem Hardware 
Circuits table; the table column titled Type' refers to designa- 
tions found in the Digital or Analog Interface Characteristics. 

Microprocessor interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (CS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 
gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 



V.24 Interface 

Seven hardware circuits provide timing, data and control signals 
for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (0, 4-5 volt). These TIL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 
pins may remain unterminated. 



Cable Equalizers 

Modems may be connected by direct wiring, such as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1 700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies can be placed in series with the 
analog signal The modem includes three such equalizers 
designed to compensate for cable distortion 
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Cable Equalizer Selection 



CABS2 


CABS1 


Length of 0.4mm Diameter Cable 





1 

1 




1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Analog Signals 

Three analog signals provide the interface point for telephone 
company audio circuits and host audio inputs: TXA, RXA, and 
AUXIN. 



The TXA line is an output suitable for driving an audio trans- 
former or data access arrangement for connection to either 
leased lines or the PSTN. The output structure of TXA is a low 
impedance amplifier. In order to match this output to a standard 
telephone load of 600 ohms, a series resistor is required. 

RXA IS an input to the receiver from an audio transformer or 
data access arrangement. The input impedance is nominally 
60K ohms but a factory select resistor allows a variance of 23%. 
The RXA input must be shunted by an external resistor in order 
to match a 600 ohm source A 604 ohm ±1% resistor is 
satisfactory. 

Some form of transient protection for TXA and RXA is recom- 
mended when operating directly into a transformer. This pro- 
tection may be back-to-back zener diodes across the transformer 
or a varistor across the transformer. 

AUXIN provides a means of inserting audio signals into the 
modem output stage. Because this input is summed with the 
transmitter output prior to the transmitter low pass filter and com- 
promise equalizers, the AUXIN signal is sampled by a compen- 
sated sample-and-hold circuit at a rate of 9600 samples-per- 
second. Any signal above 4800 Hz on the AUXIN line will be 
aliased back into the passband as noise. One application for 
AUXIN is to inject dual-tone multifrequency (DTMF) touch-tone 
signals for dialing, however, the source of these tones must be 
well filtered to eliminate components above 4800 Hz. The input 
impedance of AUXIN is IK ohm. The gain from AUXIN to TXA 
is -0.4 dB ±1 dB. 



Overhead 

Except for the power-on-reset signal POR, the overhead signals 
are dc power or ground points. When the modem is initially 
energized a signal called Power-On-Reset (POR) causes the 
mod em to assume a valid operational state. The modem drives 
the POR pin to ground during the beginning of the POR 
seque nce. A pproximately 10 ms after the low to high transition 
of the POR pin, the modem is ready for normal use. The POR 
sequence is reinitiated anytime the + 5V supply drops below 
+ 3.5 V for more than 30 ms, or an external device drives the 
POR pin low f or at least 3 fis. When an external low input is 
applied to the POR pin, the modem is ready for normal use 
approximately 10 ms after the low input is removed. The 



POR pm IS not driven low by the modem when the POR 
sequence is initiated externally. In all cases, the POR sequence 
requires 50 ms to 350 ms to complete. The POR sequence 
leaves the modem configures as follows: 

• V.29/9600 bps 

• T/2 equalizer 

• Serial mode 

• Training enabled 

• Echo protector tone enabled 

• No extended squelch 

• Higher receive threshold 

• Interrupts disabled 

• No link equalizer 

• RAM access codes 00 

This configuration is suitable for performing high speed data 
transfer on the PSTN with the serial data port selected as the 
input and output point for data terminal equipment (DTE). 



Modem Hardware Circuits 



Name 


Type 


Pin No. 1 Description J 


A. OVERHEAD: 


Ground 


GND 


14, 39 


Power Supply Return 


+ 5 volts 


PWR 


3,4 


+ 5 volt supply 


+ 12 volts 


PWR 


26 


+ 12 volt supply 


-12 volts 


PWR 


37 


- 12 volt supply 


POR 


I/OB 


36 


Power-on-reset 


B. MICROPROCESSOR INTERFACE: 


D7 


l/OA 


7 


-| 




D6 


l/OA 


5 






D5 


l/OA 


9 






D4 


l/OA 


31 






D3 


l/OA 


15 




r Data Bus (8 Bits) 


D2 


l/OA 


28 






D1 


l/OA 


23 






DO 


l/OA 


29 






RS3 


lA 


30 


- 




RS2 


lA 


8 


Register Select (4 Bits) 


RS1 


lA 


27 




Select Reg 0-F 


RSO 


lA 


10 


J 




080 


lA 


6 


Chip Select Sample Rate 
Device 


081 


lA 


18 


Chip Select Baud Rate Device 


READ 


lA 


1 


Read Enable 


WRITE 


lA 


2 


Write Enable 


IRQ 


08 


32 


Interrupt Request 


C. V.24 INI 


rERFAC 


E: 


DOLK 


00 


13 


Data Clock 


XOLK 


IB 


22 


External Clock for Group 2 


RTS 


IB 


19 


Request-to-Send 


0T8 


00 


17 


Clear-to-Send 


TXD 


IB 


20 


Transmitter Data 


RXD 


00 


21 


Receiver Data 


RL8D 


00 


16 


Received Line Signal Detector 


D. CABLE 


EQUALi: 


ZER: 


0AB81 


10 


33 


Cable Select 1 


0ABS2 


10 


34 


Cable Select 2 




3-161 



R96Fi 



9600 bps Facsimile IVlodem 





Modem Hardware Circuits (Cont.) 


Name Type 


Pin No. 


Description 


E. ANALOG SIGNALS: 


TXA 


AA 


38 


Transmitter Analog Output 


RXA 


AB 


40 


Receiver Analog Input 


AUXIN 


AC 


35 


Auxiliary Analog Input 


F. DIAGNOSTIC: 


EYEX 


OC 


24 


Eye Pattern Data — X Axis 


EYEY 


OC 


25 


Eye Pattern Data — Y Axis 


EYECLK 


OA 


11 


Eye Pattern Clock 


EYESYNC 


OA 


12 


Eye Pattern Synchronizing 
Signal 


Unused inputs tied to 
resistors 


+ 5V or ground require individual 10K Q series 



Critical Timing Requirements 



Diagnostic 

The four hardware diagnostic circuits, identified in the preceding 
table, allow the user to generate and display an eye pattern. 
Circuits EYEX and EYEY serially present eye pattern data for 
the horizontal and vertical display inputs respectively The 8-bit 
data words are shifted out most significant bit first, clocked by 
the rising edge of the EYECLK output The EYESYNC output 
IS provided for word synchronization The falling edge of 
EYESYNC may be used to transfer the 8-bit word from the shift 
register to a holding register. Digital to analog conversion can 
then be performed for driving the X and Y inputs of an 
oscilloscope. 



CSi 

(I = 0,1) 



\. 



READ 



40 

-*- U-TCH TCS-^ 



Di 

(I = 0-7)- 



-*-TCH TCS-^ 



U"" 



-*-TWR 



n 



f 



-«-TCH 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time pnor 
to Read or Write 


TCS 


30 




ns 


Data Access time after Read 


TDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSi, RSi hold time after 
Read or Wnte 


TCH 


10 





ns 


Write data setup time 


TWDS 


75 


~ 


ns 


Wnte data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


TWR 


75 


- 


ns 



Analog Interface Characteristics 



Name 


Type 


Characteristics 


rxA 

RXA 
AUXiN 


AA 

AB 
AC 


The transmitter output is a low impedance 
operational amplifier output In order to 
match to 600 ohms, an external 604 ohm 
series resistor is required 

The receiver input impedance is 
60Kohms ±23% 

The auxiliary analog input allows access 
to the transmitter for the purpose of 
interfacing with user provided equipment 
Because this is a sampled data input, any 
signal above 4800 Hz will cause aliasing 
errors The input impedance is IK ohms, 
and the gam to transmitter output is 
-04dB ±1 dB 



Microprocessor Interface Timing Diagram 



SOFTWARE CIRCUITS 

The modem includes two signal processor chips Each of these 
chips contains 16 registers to which an external (host) 
microprocessor has access Although these registers are within 
the modem, they may be addressed as part of the host proc- 
essor's memory space The host may read data out of or write 
data into these registers. The registers are referred to as interface 
memory. Registers in chip update at the modem sample rate 
(9600 bps) Registers in chip 1 update at the selected baud rate. 

When information in these registers is being discussed, the for- 
mat Y.Z:Q IS used. The chip is specified by Y(0 or 1), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). A bit is considered to 
be "on" when set to a 1 

Status/Control Bits 

Modem operation is affected by a number of software control 
inputs These inputs are written into registers within the inter- 
face memory via the host microprocessor bus. Modem opera- 
tion IS monitored by various software flags that are read from 
interface memory via the host microprocessor bus. All status and 
control bits are defined in the Interface Memory table. Bits 
designated by a ' — ' are reserved for modem use only and must 
not be changed by the host 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


10 


OA 


OB 


DC 


I/O A 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 min. 


2.0 min. 


2.0 min 








2 min 


5 25 max 
2.0 mm. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max. 


0.8 max. 








08 max. 


0.8 max 


VOH 


Output Voltage, High 


V 








2.4 min.i 






2.4 min. ■■ 


2.4 mm.3 


Vol 


Output Voltage, Low 


V 








0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.5 


l|N 


Input Current, Leakage 


uA 


±2.5 max. 












± 12.5 max.4 




loH 


Output Current, High 


mA 








-0.1 max. 










loL 


Output Current, Low 


mA 








1.6 max. 


1.6 max. 


1.6 max. 






II 


Output Current, Leakage 


mA 










±10 max. 








Ipu 


Pull-up Current 
(Short Circuit) 


/xA 




-240 max. 
-10 min. 


-240 max. 
-10 min. 






- 240 max. 
-10 mm. 




- 260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 


20 








10 


40 


Cd 


Capacitlve Drive 


PF 








100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


















1. 1 load = -100 mA 




5. 1 load 


= 0.36 mA 












2. 1 load = 1.6 mA 


















3. Iload = -40 //A 


















4. V,N = 0.4 to 2.4 Vdc, Vcc = 5. 


25 Vdc 


















Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits in a register, the host 
processor must mask out unwanted data. When writing a single 
bit or group of bits in a register the host processor must per- 
form a read-mod if y-write operation. That Is, the entire register 
is read, the necessary bits are set or reset in the accumulator 
of the host, then the original unmodified bits and the modified 
bits are written back into the register of the interface memory. 



RAM Data Access 

The user can access much of the data stored in the modem's 
memories. This data is a useful tool in performing certain 
diagnostic functions. 

Two RAM access registers are provided in the interface memory 
to allow user access to various RAM locations within the modem. 
The access code stored in 0:F selects the source of data for the 
RAM data registers In chip (0:0 through 0:3). Similarly, the 
access code stored in 1 :F selects the source of data for registers 
1:0 through 1:3. Reading is performed by storing the desired 
access code in register 0:F (or 1:F), performing a read of 0:0 
(or 1 :0) to reset 0:E:0 (or 1 :E:0), then waiting for 0:E:0 (or 1 :E:0) 
to return to a one. The data may now be read from 0:3 through 
0:0 (or 1:3-1:0). 

Chip one also provides the capability to write data into RAM. 
When bit RAMW is set to a one, reading is suspended and a 
write cycle takes place once each time bit DAI (1:E:0) is reset 
to zero. 

Writing is performed by storing the desired access code in 
register 1:F, waiting for bit DAI (1:E:0) to be a 1, setting bit 
RAMW (1 :D:0) to a 1 , then storing sixteen bits of data in registers 



1:1 and 1:0. The eight bits in 1:1 are most significant. Writing 
to 1:0 resets bit 1:E:0 to a and starts the write cycle, which 
ends by 1:E:0 returning to a 1. Bit RAMW (1:D:0) must remain 
set until the end of the cycle. 

RAM Access Codes 

The RAM access codes defined in the following table allow the 
host processor to read diagnostic information within the modem. 
The access code stored in chip 1 (1:F) also selects the source 
of data for the serial outputs EYEX and EYEY. Diagnostic data 
is scaled as shown in the Diagnostic Data Scaling table. 

RAM Access Codes 



Node 


Function 


Access 


Chip 


Reg. No. 


1 


Received Signal Samples 


40 





2,3 


2 


Demodulator Output 


42 





0,1,2,3 


3 


Low Pass Filter Output 


54 





0,1,2,3 


4 


Average Power 


5C 





2.3 


5 


AGO Gain 


01 





2,3 


6 


Equalizer Input 


40 




0,1,2,3 


7 


Equalizer Tap Coefficients 


01-20 




0,1,2,3 


8 


Unrotated Equalizer Output 


61 




0,1,2,3 


9 


Rotated Equalizer Output 
(Received Point— Eye Pattern) 


22 




0,1,2,3 


10 


Decision Points (Ideal) 


62 




0,1,2,3 


11 


Error Vector 


63 




0,1,2,3 


12 


Rotation Angle 


00 




0,1 


13 


Frequency Correction 


A8 




2,3 


14 


Eye Quality Monitor (EQM) 


AB 




,2,3 


15 


G2 Baseband Signal 


C8 




2,3 


16 


G2 AGO Gain 


AD 




2,3 


17 


G2 AGO Slew Rate 


AA 




2,3 


18 


G2 PLL Frequency Correction 


C2 




2,3 


19 


G2 PLL Slew Rate 


FO 




,2,3 


20 


G2 Black/White Threshold 


2A 




0,1 


21 


G2 Phase Limit* 


F2 




2,3 


* Added in R5301.20 
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Diagnostic Data Scaling 



Node 



Parameter/Scaling 



Received Signal Samples = A/D Sample Word (signed 16 bits, twos complement) 



Vext 
CHANNEL 



lA DEVICE 



SIGNAL 
PROCESSOR 



AGC WORD 



(A/D Sample Word),e^ J. V,,3 
40iR 256 



Vext = V.mt - LOG.S' 



AGC Gam (dB) 
20 



2, 3, 
6, 8, 
9, 10 



All Baseband Signal Nodes (32 bits, complex, twos complement) 





Configuration 


V.29/9600 


V.29/7200 


V.29/4800 & V.27/2400 


V.27/4800 


Point 


x,y 


x,y 


x,y 


x,y 


1 


0000, 2800 


0000, 2400 


0000, 1C00 


0000, 1C00 


2 


2800, 0000 


2400, 0000 


1C00, 0000 


1400, 1400 


3 


0000, D800 


0000, DCOO 


0000, E400 


1C00, 0000 


4 


D800, 0000 


DCOO, 0000 


E400, 0000 


1400, ECOO 


5 


0000, 1800 


OCOO, OCOO 




0000, E400 


6 


1800, 1800 


OCOO, F400 




ECOO, ECOO 


7 


1800, 0000 


F400, F400 




E400, 0000 


8 


1800, E800 


F400, OCOO 




ECOO, 1400 


9 


0000, E800 








10 


E800, E800 








11 


E800, 0000 








12 


E800, 1800 








13 


0800, 0800 








14 


0800, F800 








15 


F800, F800 








16 


F800, 0800 









(!) 



© 



© 



© 



© 



© 



© 




-0-0- 



-©- 











6 











-<I>* 



-<D- 



t 



© 



6 



-0- 



-0- 



9 







-<!>* 



9 







v.29/9600 BPS 



V.29/7200 BPS 



V.29/4800 BPS and 
V.27/2400 BPS 



V.27/4800 BPS 



Average Power (16 bits, unsigned) 

Typical value: 0889i6 (corresponding to dBm) 

Post-AGC Average Power In dBm = 10 Log (Average Power Word), e 

889i6 

Pre-AGC Average Power in dBm = Post-AGC Avg. Power in dBm - AGC gain in dB 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



AGC Gain (16 bits, unsigned) 

Range: 

OFCO16 to 7FFFi6 for LRTH = (- 43 dBm Threshold) 

0640i6 to 7FFFi6 for LRTH = 1 (- 47 dBm Threshold) 

AGC Gain in dS = 50 - (AGC Gain Word), e ^ q Qgg 
40i6 



Equalizer Taps (32 bits, complex, twos complement) 

Node 7 is not a single point but is actually a set of RAM locations containing adaptive equalizer tap coefficients. In V.29 
configuration, access codes 01 through 20 hexadecimal represent 32 complex taps. In V 27 configuration, access codes 01 
through 10 hexadecimal represent 16 complex taps, since the equalizer for V.27 is only half as long as the equalizer for V.29. 

The equalizer tap access codes can be useful for restoring modem operation after loss of equalization without requesting a 
training sequence from the transmitter. Since the equalizer tap coefficients are complex numbers they require two write 
operations per tap, one for the real part and one for the imaginary part When writing the real part, the access codes 01 through 
20 must be changed to 81 through AO. When writing the imaginary part, or when reading the complex number, the access codes 
01 through 20 are correct. 

Registers 1:1 and 1:0 hold the most and least significant bytes, respectively, of the 16 bits dunng a write operation. 



Error Vector (32 bits, complex, twos complement) 

Represents the difference between the received point (P2) and the nearest ideal point (PI). 





Bit Rate 


Registers 3 and 2 


Registers 1 and 


Magnitude 


Configuration 


(BPS) 


Real Error 


Imag. Error 


^Re2 + Im2 


V.29 


9600 


<0C00i6 


<0C00i6 


<0E66i6 


V.29 


7200 


<2400i6 


<2400i6 


<1AD4i6 


V.29 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V27 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V.27 


2400 


<1C00i6 


<1C00i6 


<1C00i6 



Error Vector Maximum Values 



11 




1 f 


>UNDARY 




10 










«1 

1 

1 
1 
' 1 


/ / 


Pi = Xi + iyi 
Pg = X2 + iyg 
P2 - Pi = (X2 - Xi) + i(y2 
= REAL ERROR 

^^\ 

¥" BOUNDARY 


-yi) 

+ IMAGINARY ERROR 




1 
■/ 


>-"- 





12 Rotation Angle (16 bits, twos complement) 

Represents instantaneous correction for phase and frequency errors. 

Rotation Angle in degrees « (Rot- Angle Word)ie , ^qq 
IOOOO16 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



13 Frequency Correction (16 bits, twos complement) 

Represents component of rotation angle caused by frequency error 
Range- FCOOig to 0400i6 representing ±37.5 Hz 

Freq Correction in Hz = (Freq. Correction Word),, ^ ^^^^ ^^^^ .^ ^^ 
IOOOO16 



Eye Quality Monitor, EQM (16 bits, unsigned) 

Equals the filtered squared magnitude of the err or vect or. Proportionality to bit error rate is determined by particular application 
Stabilizes in approximately 700 baud times from RLSD going active 

EQM VS. SNR 

UNCONDITIONED 3002 LINE 
T EQUALIZER 
-20 DBM SIGNAL LEVEL 
3 KHZ FLAT WEIGHTING 





i, 

BQU MAGNITUDE 




A 

/IDEAL POINT 
EYE PATTERN DISPERSION 





37 




32 




2D 


X 


28 


UJ 

I 


23 


^ 


1E 


UJ 


19 




14 




OF 




04 




05 



_l I I L-_J I L_ 



Relationship of EQM to Eye Pattern 



' 5 10 15 20 25 30 35 40 45 50 55 60 65 70 
SNR (dB) 
Typical Eye-Quality Versus Signal-to-Noise 
Ratio for V.29/9600 



'Group 2 Baseband Signal (16 bits, unsigned) 

Range: 

OOOO16 to O6OO16 represents black 

1000^6 to 210O16 represents white 



* Group 2 AGO Gain (16 bits, unsigned) 

(AGC Gam m dB = 50 - (AGC Gam Word),6 ^ q ^gg 
40i6 



17 * Group 2 AGC Slew Rate 

Can be adjusted by the host. 

Range: 

OOOO16 to 7FFFi6 



< 
< 



o 6000 



4000 



FAST 






3000 
2000 



"i 1000 





^ 




' 1 




'IIT T|- 






\ 












\ 


1 










\ 


\ 










\ 


\ 










\ 


., \ 














..!e^-.. 





.01 



10 



100 



Seconds to Stabilize AGC for -55 DBM to DBM Step 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



18 * Group 2 PLL Frequency Correction (16 bits, twos complement) 

Range: 

FC6A16 to 0346i6 representing ±140 Hz 

Frequency correction in Hz = Frequency correction number (0.167) 



19 * Group 2 PLL Slew Rate 

Represents gain of first order term in phase locked loop. 

Range: 

001 O16 to 7OOO16 for stable operation 

Directly proportional to PLL slew rate 



'Group 2 Black/White Threshold (16 bits, unsigned) 

Default value: (7800)i6 






O ui 
CQ 
^ (A 

m _i 
s UJ 

Z D. 




NOTE: 

1. 100 WHITE PIXELS SENT FOLLOWED BY 4 BLACK 
PIXELS SENT. 

2. RESULTS OBTAINED AT DBM, NO COMPROMISE 
EQUALIZERS IN BACK TO BACK CONNECTION. 



77776666 
8620FCA8 
00000000 
00000000 
THRESHOLD VALUE (HEXADECIMAL) 



*Group 2 Phase Limit (16 bits, twos complement) 

When phase error exceeds this limit, PLL updating is suspended. 

Default: 5000^6 representing ±67.5 degrees 

(Phase Limit)i6 

7FFF,6 
Once phasing is acquired, the limits may be narrowed to improve immunity to phase hits, etc. 



Phase limit = 180° 



X 180° 



*See Rockwell Application Note, R96F Modem Recommended Receive Sequence for Group 2 Facsimile (Order No. 655, Rev. 3). 
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Interface 


Memory Chip (CSO) 






"X Bit 
Register \^ 


7 


6 


5 


4 


3 


2 


1 





F 


PDM 


RAM ACCESS S 


E 


lAO 


~ 


~ 


— 


SETUP 


lEO 


— 


MDAO 


D 


_ 


— 


— 


— 


— 


— 




— 


C 


~ 


_„ 


— 


— 


— 


— 


— 


— 


B 


— 


_ 


__ 


— 


— 


— 


— 


— 


A 


— 


— 


— 


— 


— 


— 


_. 


— 


9 


_ 


— 


— 


— 


— 


— 


— 


— 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


— 


— 


__ 


~ 


— 


~ 


— 


— 


6 


— 


__ 


— 


— 


__ 


— 


— 


._ 


5 


RTS 


TDIS 


— 


_ 


EPT 


SQEXT 


T2 


LRTH 


4 


CONFIGURATION 


3 


RAM DATA XSM, FREQM 


2 


RAM DATA XSL; FREQL 


1 


RAM DATA YSM 





RAM DATA YSL; TRANSCEIVER DATA 


Register/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Rese 


rved (modem use only) 





Interface Memory Chip 1 


(CS1) 






\ Bit 
Register\ 


7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS B 


E 


IA1 


— 


~ 


— 


— 


IE1 


— 


MDA1 


D 


— 


TLE 


RLE 


J3L 


— 




FRT* 


RAMW 


C 


— 


— 


— 


— 


— 




— 


G2FGC 


B 


FR3 


FR2 


FR1 


— 


— 




— 


— 


A 


— 


— 


— 


— 


~ 


— 


— 


— 


9 


— 


— 


— 


— 


— 


— 


— 


— 


8 


— 


— 


— 


— 


— 


— 


— 


— 


7 


— 


PNDET 


— 


— 


— 


— 


— 


CDET 


6 


— 


— 


— 


_ 


„ 


— 


— 


— 


5 


— 


FED 


— 


— 


— 


— 


— 


— 


4 


— 


— 


— 


— 


— 


P2DET 


— 


— 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


Register>/ 

/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Reserved (modem use only). 
* = Added in 5301-20 
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Interface Memory Definitions 



Mnemonic 



Name 



Memory 
Location 



Description 



CDET 



(None) 



Carrier Detector 



Configuration 



EPT 



FED 



Echo Protector 
Tone 



Fast Energy 
Detector 



5-3 



The zero sta te of C DET indicates passband energy is being detected, and a training sequence is 
not present. CD ET goe s to zero at the start of the data st ate, an d returns to one at the end of the 
received si gnal C DET activates up to 1 baud time before RLSD and deactivates within 2 baud 
times after RLSD 

The host processor configures the modem by writing a control code into the configuration register 
in the interface memory space (See SETUP) 

Configuration Control Codes 

Control codes for the five available modem configurations are 



Configuration 

V 29 9600 

V 29 7200 

V 29 4800 
V.27 4800 
V.27 2400 
FSK 
Group 2 
Tone Transmit 



Configuration Code (HEX) 

14 
12 
11 
OA 
09 
20 
40 
80 



Configuration Definitions 

Definitions for the five available modem configurations are: 

1 V 29. When any of the V.29 configurations has been selected, the modem operates as specified 
in CCITT Recommendation V.29. 

2 V.27 When any of the y.27 configurations has been selected, the modem operates as specified 
m CCITT Recommendation V.27 ter 

3 FSK. The modem operates as a CCITT T30 compatible 300 bps FSK modem having 
characteristics of the CCITT V21 channel 2 modulation system. 

4 Group 2 The modem operates as a CCITT T3 compatible AM modem This configuration 
permits transmission to and reception from Group 2 facsimile apparatus A carrier frequency of 
2100 Hz is used A black signal is transmitted as no carrier. The phase of the carrier 
representing white is reversed after each transition through black 

When in the receive state, the modem recovers the carrier of the remote transmitting modem to 
perform a coherent demodulation of the incoming signal. This technique allows a baseband of 
3400 Hz to be recovered The recovered baseband signal is available on the microprocessor 
bus 

The baseband signal is converted to black or white by comparing the received signal level with 
a preset threshold number This number may be changed by the user. 

Receiver data is presented to the RXD output at a rate of 10368 samples per second The user 
should strobe the data on the rising edge of the data clock (DCLK) A logical 1 level (high 
voltage) represents white A logical level (low voltage) represents black. 

5 Tone Transmit. In this configuration, activating signal RTS causes the modem to transmit a tone 
at a single frequency specified by the user. Two registers in the host interface memory space 
contain the frequency code The most significant bits are specified in the FREQM register (0"3). 
The least significant bits are specified in the FREQL register (0:2). The least significant bit 
represents 146486 Hz ±001% The frequency generated is: f = 0.146486(256 FREQM + FREQL) 
Hz ±0.01%. 

If EPT IS a one, an unmodulated earner is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. This option is available in both the 
V27 and V29 configurations, although it is not specified in the CCITT V.29 Recommendation. 

The zero state of FED indicates energy is present above the receiver threshold in the passband. 
FED IS not used for Group 2 facsimile 
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Interface Memory Definitions (continued) 



Mnemonic 



Name 



{Memory 
Location 



Description 



(None) 



FRT 
FR1-FR3 



G2FGC 

IA1 

lAO 

lEO 

IE1 
J3L 

LRTH 

MDAO 

MDA1 
RDM 



FREQL/FREQM 



Freeze Taps 
Frequency 1 ,2,3 



Group 2 Fast 
Gain Control 

Interrupt Active 
(One) 

Interrupt Active 
(Zero) 

Interrupt Enable 
(Zero) 

Interrupt Enable 
(One) 
Japanese 3 Linl< 



Lower Receive 
Threshold 



Modem Data 
Available (Zero) 

Modem Data 
Available (One) 

Parallel Data 
Mode 



0:2:0-7, 
0:3:0-7 



1:6:5,6,7 



1:C:0 

1:E:7 

0:E:7 

0:E:2 

1:E:2 
1:D:4 

0:5:0 

0:E:0 

1:E:0 
0:F:7 



The host processor conveys tone generation data to the transmitter by writing a 16-bit data word to 
the FREQL and FREQM registers in the interface memory space, as shown below. 

FREQM Register (0:3) 



Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


?EOL Re^ster (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01%. 

Hexadecimal frequency numbers (FREQM, FREQL) for commonly generated tones are given below: 

Frequency (Hz) FREQM FREQL 

462 
1100 
1650 
1850 
2100 

When FRT is a one, adaptive equalization taps are prevented from changing. 

The one state of FR1 , FR2 or FR3 indicates reception of the respective tonal frequency when the 
modem is configured for FSK. The default frequencies for FR1, FR2 and FR3 are: 



oc 


52 


ID 


55 


2C 


00 


31 


55 


38 


00 



Bit 


Frequency (Hz) 


FR1 


2100 


FR2 


1100 


FR3 


462 



The one state of G2FGC selects a fast AGC rate (8.6 times standard) in Group 2 Facsimile. 

IA1 is a one when Chip 1 is driving IRQ to zero volts. 

lAO is a one when Chip is driving IRQ to zero volts. 

The one state of lEO causes the IRQ output to be low when the DAO bit is a one. 

The one state of IE1 causes the IRQ output to be low when the DAI bit is a one. 

The one state of J3L selects this standard for link amplitude equalizer. The zero state of J3L 
selects U.S. survey long. 

The one state of LRTH lowers the receiver turn-on threshold from -43 dBm to --47 dSm. (See 
SETUP) 

MDAO goes to one when the modem reads or writes register 0:0. MDAO goes to zero when the 
host processor reads or writes register 0:0. MDAO is used for parallel mode as well as for 
diagnostic data retrieval. 

MDA1 goes to one when the modem writes register 1:0. MDA1 goes to zero when the host 
processor reads register 1:0. 

The one state of PDM places the modem in the parallel mode and inhibits the reading of Chip 
diagnostic data. 
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Interface Memory Definitions (continued) 



Name 



Memory 
Location 



Description 



PNDET 

P2DET 

(None) 

(None) 
(None) 
(None) 
(None) 

(None) 

(None) 

(None) 

(None) 

(None) 
RAMW 
RLE 
RTS 

SETUP 



SQEXT 
TDIS 



TLE 



Period 'N' 
Detector 

Period '2' 
Detector 

RAM Access B 

RAM Access S 
RAM Data XBL 
RAM Data XBM 
RAM Data XSL 

RAM Data XSM 

RAM Data YBL 

RAM Data YBM 

RAM Data YSL 

RAM Data YSM 



RAM Write Chip 1 
(baud rate device) 

Receiver Link 
Equalizer 

Request-to-Send 



Setup 



Squelch Extend 
Training Disable 



Transmitter Link 
Equalizer 



17:6 

1:4-2 

1.F0-7 

0F:0-6 
1.2:0-7 
1-3:0-7 
20-7 

0-3-0-7 

1.0-0-7 

1:1:0-7 

0.0-0-7 



1:D-0 



1.D-5 



0E-.3 



0:5-2 
0:5:6 



1-D:6 



The zero state of PNDET indicates a PN sequence has been detected. PNDET sets to a one at the 
end of the PN sequence 



The zero state of P2DET indicates a P2 sequence has been detected. P2DET sets to a one at the 
start of the PN sequence. 

Contains the RAM access code used in reading or writing RAM locations in Chip 1 (baud rate 
device). 

Contains the RAM access code used in reading RAM locations in Chip (sample rate device). 

Least significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 

Most significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 

Least significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device) 

Most significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device). 

Least significant byte of 16-bit word y used in reading or writing RAM locations m Chip 1 (baud 
rate device) See DAI 

Most significant byte of 16-bit word y used in reading or writing RAM locations in Chip 1 (baud 
rate device). 

Least significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device) Shared by parallel data mode for presenting channel data to the host microprocessor 
bus. See Transceiver Data and DAO. 

Most significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device). 

RAMW is set to a one by the host processor when performing diagnostic writes to the baud rate 
device (Chip 1). RAMW is set to a zero by the host when reading RAM diagnostic data from Chip 1. 

The one state of RLE enables the link amplitude equalizer m the receiver. 

The one state of RTS begins a transmit sequence. The modem will continue to transmit until RTS 
IS turned off, a nd the turn-off sequence has been completed. RTS parallels the operation of the 
hardware RTS control input These inputs are "ORed" by the modem. 

The one state of SETUP causes the modem to reconfigure to the control word in the configuration 
register, and to assume the options specified for equalizer (0-5-1) and threshold (0-5:0). SETUP 
returns to zero when acted on by the modem. The time required for the SETUP bit to cause a 
change depends on the current state of the modem. The following table lists worst case delays. 



Current 
State 


V.21 


G2 


High Speed 
Receiver 


High Speed Transmitter 


DELAY 


14 ms 


400^8 


2 BAUD 


2 BAUD + TURNOFF Sequence + Training (if 
applicable) + SQUELCH (if applicable) 



The one state of SQEXT inhibits reception of signals for 130 ms after the turn-off sequence. 

If TDIS IS a one in the rece ive state, the modem is prevented from entering the training phase. If 
TDIS is a one pnor to RTS going on, the generation of a training sequence is prevented at the 
start of transmission. 

The one state of TLE enables the link amplitude equalizer in the transmitter 
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interface Memory Definitions (continued) 



Mnemonic 


Name 


l\/lemory 
Location 


Description 


(None) 
T2 


Transceiver Data 

T/2 Equalizer 
Select 


0:0:0-7 
0:5:1 


In receive parallel data mode, the modem presents eight bits of channel data in register 0:0 for 
reading by the host microprocessor. After the eight bits have been accumulated in register 0:C 
they are transferred to 0:0 and bit 0:E:0 goes to a one. When the host reads 0:0, bit 0:E:0 resets 
to a zero. The first bit of received data is not necessarily located in bit 0:0:0. The host must frame 
the received data by searching for message sync characters. Bit 0:E:0 sets at one eighth the bit 
rate in parallel data mode rather than at the sample rate (9600 Hz) as it does when reading RAM 
locations. 

In transmit parallel data mode the host stores data at location 0:0. This action causes bit 0:E:0 to 
reset to a 0. When the modem transfers the data from 0:0 to 0:2 bit 0:E:0 sets to a 1. The data is 
serially transmitted from register 0:2 least significant bit first. Received data is shifted into register 
0:C from MSB toward LSB. 

If T2 IS a one, an adaptive equalizer with two taps per baud is used. If T2 is a zero, an adaptive 
equalizer with one tap per baud is used. The number of taps remains the same for both cases. 
(See SETUP) 



PERFORMANCE 

Whether functioning in V.27 ter or V.29 configuration, the modem 
provides the user with unexcelled high performance. 

TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm as illustrated. 

TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15*^ 
peak-to-peal< phase jitter at 150 Hz or with a signal-to-noise ratio 
of 15 dB in the presence of 30° peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 



At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence 
of 15° peak-to-peak phase jitter at 60 Hz. 

At 7200 bps (V.29), the modem exhibits a bit error rate of 10"^ 
or less with a signal-to-noise ratio of 25 dB in the presence of 
12° peak-to-peak phase jitter at 300 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10-^ or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 20° peak-to-peak phase jitter at 30 Hz. 

An example of the BER performance capabilities is given in the 
following diagrams: 
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V27,2400 



10-3 



10-4 



CC 

o 

CC 
CC 
LU 



10- 



10-6 



V27,4800 

V29,7200 
V29,4800 / / V29,9600 




5 10 15 20 

Signal to Noise Ratio in dB 



FSK 



V27,4800 
y29,7200 

V29,9600 



10-3 



10- 



OD 
10-5 



10-6 



Typical Bit Error Rate 
(Back-to-Back, T Equalizer, Level - 20 dBm) 




5 10 15 20 

Signal to Noise Ratio in dB 



Typical Bit Error Rate 
(Unconditioned 3002 Line, T Equalizer Level -20 dBm) 







LEVEL 

METER 

HP 3552A 






















MODEM 
TRANS- 
MITTER 




3002 

LINE 
SIMULATOR 
SEG FA-1445 




IMPAIRMENT 
SOURCE 

BRADLEY 2A 
AND2B 




ATTENUATOR 
HP 350D 






MODEM 
RECEIVER 




























J 








MODEM 

TEST SET 

PHOENIX 

5000 


NOTE 
SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING. 



BER Performance Test Set-up 



3-173 



R96FI 



9600 bps Facsimile IVIodem 



GENERAL SPECIFICATIONS 







Power 




Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ 0°C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 
±5% 


400 mA 

5 mA 

30 mA 


<500 mA 

< 10 mA 

< 50 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature 




Operating 




R96F 


0°Cto +60°C(32°Fto 140°F) 


R96FI 


0°C to -i-70°C (32°F to 158°F) 


Storage 


-40*C to +80°C (-40''F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 


Relative Humidity 


Up to 90% noncondensmg, or a wet bulb temperature up to 35°C, whichever is less 



Mechanical 



Parameter 


Specification 


Board Structure 


Single PC board with single right angle header with 40 pins, 
mating connector. 


Burndy FRS 40BS8P or equivalent 


Dimensions 






Width 


3.94 in. (100 mm) 




Length 


2.56 in. (65 mm) 




Height 


40 in. (10.2 mm) 




Weight (max.) 


2.6 oz. (73 g) 




Lead Extrusion (max.) 


100 in (2 54 mm) 





3.937 
(100) 

3.675 
(93.3) 



0.156 1 0.003 DIA (4 PL) 
(3-96) 0.637 



!1 



(16.18) 



2.30 
(58.4) 



1.0 
(25.4) 



(58.4) 



2.559 



0.512 
" (13) 



0.235 
(5.97) 



0.277 

(704) 

, 0.125 




(3.18) 
(65) '™*' 

COMPONENT AREA 



0.100 
(2.54) 



fr^ 



,400 MAX 
(10.16) 



RIBBON CONNECTOR VERSION 



R96FI Dimensions and Pin Locations 
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INTRODUCTION 

The Rockwell R96MD is a synchronous 9600 bits per second 
(bps) modem. It is designed for operation over the public 
switched telephone network (PSTN) through line terminations 
provided by a data access arrangement (DAA). 

The modem satisfies the telecommunications requirements 
specified in CCITT recommendations V.29, V.27 ter, T.30, T 4 
and T.3. The R96MD can operate at speeds of 9600, 7200, 4800, 
2400 and 300 bps. Employing advanced signal processing tech- 
niques, the R96MD can transmit and receive data even under 
extremely poor line conditions. 

The R96MD is designed for use in Group 3 facsimile machines 
and is also compatible with Group 2 machines. User program- 
mable features allow the modem operation to be tailored to sup- 
port a wide range of functional requirements. The modem's small 
size, low power consumption, serial/parallel host interface, and 
dual in-line pin (DIP) interface simplify system design and allow 
direct installation on the host module. 



FEATURES 

• Compatible with: 

— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, T.3 

• Group 3 and Group 2 Facsimile 

• Half-Duplex (2-Wire) 

• Programmable Tone Detection 

• Programmable Dual/Single Tone Generation 

• Dynamic Range: -47 dBm to dBm 

• Programmable Transmit Levels 

• Diagnostic Capability 

• Equalization- 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232~C Compatible) 

• Small Size: 50.8 mm x 65.4 mm (2.0 in. x 2.575 in.) 

• Low Power Consumption: 2 W (Typical) 

• Transmit Output Level: +5 dBm ±1 dB 

• TTL and CMOS Compatible 






,,<iJBBMBiP'''ita^r%aMBi^^ 1 1 f 




" - \X^^-' yC - r^" 






W 




l^^^y^^^^^^^^^^jBy«f^/^j|||||||||B 




^Hjgj|P 


f 





R96MD Modem 



Document No. 29200N34 



Data Sheet 

3-175 



Order No. MD34 
Rev. 1, January 1989 



R96MD 



9600 bps Facsimile l\/lodem 



TECHNICAL SPECIFICATIONS 

TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 

T.30 Tonal Signaling Frequencies 





Frequency 


Function 


(Hz ±0.01%) 


Calling Tone (CNG) 


1100 


Answer Tone (CED) 


2100 


Group 2 Identification (C12) 


1850 


Group 2 Command (GC2) 


2100 


Group 2 Confirmation (CFR2, MCF2) 


1650 


Line Conditioning Signal (LCS) 


1100 


End of Message (EOM) 


1100 


Procedure Interrupt (PIS) 


462 



Carrier Frequencies 



Function 



T.3 earner (Group 2) 
V.27 ter Carner 
V.29 Carrier 



Frequency 
(Hz ±0.01%) 



2100 
1800 
1700 



TONE GENERATION 

Under control of the host processor, the modem can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 

TONE DETECTION 

In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is indicated by bits in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 









Data Rate 






Baud Rate 


Bits Per 


(BPS) 


Symbol 


Specification 


(Symbols/Sec.) 


Baud 


(±0.01%) 


Points 


V.29 


2400 


4 


9600 


16 


V.29 


2400 


3 


7200 


8 


V.27 


1600 


3 


4800 


8 


V.27 


1200 


2 


2400 


4 



DATA ENCODING 

The modem data encoding conforms to CCITT recommenda- 
tions V.29 and V.27 ter. 



EQUALIZERS 

The modem provides the following equalization functions which 
can be used to improve performance when operating over poor 
lines: 

Cable Equalizers — Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 

Automatic Adaptive Equalizer — An automatic adaptive equal- 
izer IS provided in the receiver circuit for V.27 and V.29 config- 
urations. The equalizer can be configured as either a T or a T/2 
equalizer. 

TRANSMITTED DATA SPECTRUM 

The transmitter spectrum is shaped by the following raised 
cosine filter functions: 

1. 1200 Baud. Square root of 90 percent. 

2. 1600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The modem incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 ter 
or V.29 depending on the selected configuration. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the modem can adapt to received fre- 
quency error of up to ±10 Hz with less than a 0.2 dB degrada- 
tion in BER performance. Group 2 carrier recovery capture range 
IS 2100 ± 30 Hz. The Group 2 receiver operates properly when 
the carrier is varied by ±16 Hz at a 0.1 Hz per second rate. 

RECEIVE LEVEL 

The modem receiver circuit satisfies all specified performance 
requirements for received line signal levels from dBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

RECEIVE TIMING 

In the receive state, the modem provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a ±0.01% fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50% ±1%. 
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TRANSMIT LEVEL 

The transmitter output level defaults to + 5 dBm ± 1 dB at power 
on. When using the default transmit level and driving a 600 ohm 
load, the TXA output requires a 600 ohm series resistor to 
provide - 1 dBm ± 1 dB to the load. The output level can be 
programmed over a 10 dB range by performing a RAM write 
operation 



RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time betwe en the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence Response time is 253 ms for V.29, 708 ms for V.2 7 ter 
at 4800 bps, and 943 ms for V.27 ter at 2400 bps In V.21 CTS 
turns on m 14 ms or less In Group 2 CTS turns on in 400 /xs 
or less. 



TRANSMIT TIMING 

In the transmit state, the modem provides a Data Clock (DCLK) 

output with the following characteristics: 

1 Frequency Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz (±0.01%). In Group 2, DCLK tracks an external 
10368 Hz clock. If the external clock input (XCLK) is grounded 
the Group 2 DCLK is 10372.7 Hz ±0 01% 

2. Duty Cycle. 50 ± 1 % 

Transmit Data (TXD) must be stable during the 1 microsecond 
period immediately preceding and the 1 microsecond period 
immediately following the rising edge of DCLK. 

TURN-ON SEQUENCE 

A total of ten selectable turn-on sequences can be generated 
by the modem, as defined in the following table- 
Turn-On Sequences 



Specification 


RTS-CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector 
Tone Enabled 


V29 

V 27 4800 bps 

V 27 2400 bps 


253 ms 
708 ms 
943 ms 


438 ms 
913 ms 
1148 ms 


V 21 300 bps 
Group 2 


<14 ms 
<400 ,us 


<14 ms 
<400 MS 



The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 

For either V.27 ter or V 29, RLSD turns on at the end of the train- 



ing sequence. If training is not detected at the re ceiver, the RLSD 
off-to-on response time is 15 ±10 ms The RLSD on-to-off 
response time for V 27 is 10 ±5 ms and for V.29 is 30 ± 9 ms 
Response times are measured with a signal at least 3 dB above 
the ac tual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 



The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Two threshold options are provide d' 

1 Greater than -43 dB m (RLS D on) 
Less than -48 dBm (RLSD off) 

2 Greater than -47 dB m (RLS D on) 
Less than -52 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to the receiver's audio input (RXA) 




TURN-OFF SEQUENCE 

For V 27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms penod of no transmitted energy For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled ones followed by a 20 ms period of no 
trans mitte d energy. In V 21 the transmitter turns off within 7 ms 
after RTS go es fa lse. In Group 2 the transmitter turns off within 
200 ns after RTS goes false. 

CLAMPING 

The following clamps are provided with the modem- 

1 Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 

2 Received Line Signal Detector (RL SD). R LSD is clamped off 
(squelched) during the time when R TS is on. 

3 Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the turn-off sequence. 



MODES OF OPERATION 

The modem operates in either a serial or a parallel mode. 

SERIAL MODE 

The serial mode uses standard V 24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the Modem Functional Interconnect Diagram) illustrates this 
capability. 

PARALLEL MODE 

The modem can transfer channel data eight bits at a time via 
the microprocessor bus. 

MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on In either mode the modem is configured 
by the host processor via the microprocessor bus. 
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USRT 
(OPTIONAL) 
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LINE 
INTERFACE 



TELEPHONE 
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Modem Functional Interconnect Diagram 



INTERFACE CHARACTERISTICS 

The modem interface comprises botii liardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin dual in-line pin (DIP) connector. Software circuits are 
assigned to specific bits in a 32-byte interface memory. 



HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, including 
the microprocessor interface, are listed in the Modem Hardware 
Circuits table; the table column titled 'Type' refers to designa- 
tions found in the Digital or Analog Interface Characteristics. 



V.24 Interface 

Seven hardware circuits provide timing, data and control signals 
for implementing a serial interface compatible with CCITT 
Recommendation V.24. These signals interface directly with cir- 
cuits using TTL logic levels (0, + 5 volt). These TTL levels are 
suitable for driving the short wire lengths or printed circuitry 
normally found within stand-alone modem enclosures or equip- 
ment cabinets. 

In applications where the modem is operated in parallel data 
mode only (i.e., where the V.24 signals are unused), all V.24 
pins may remain unterminated. 



Microprocessor Interface 

Sixteen hardware circuits provid e addre ss (RS0-RS3), data 
(D0-D7), control (CS, READ and WRITE) and interrupt (IRQ) 
signals for implementing a parallel interface compatible with an 
8080 microprocessor. (Refer to the Microprocessor Interface 
Timing Waveforms figure and Microprocessor Interface Timing 
Requirements table.) With the addition of a few external logic 
gates, the interface can be made compatible with a wide variety 
of microprocessors such as 6500, 6800, or 68000. 

The microprocessor interface allows a host microprocessor to 
change modem configuration, read or write channel data as well 
as diagnostic data, and supervise modem operation by means 
of software strappable control bits and modem status bits. The 
significance of the control and status bits and methods of data 
interchange are discussed in the Software Circuits section. 



Cable Equalizers 

Modems may be connected by direct wiring, such as leased 
telephone cable or through the public switched telephone net- 
work, by means of a data access arrangement. In either case, 
the modem analog signal is carried by copper wire cabling for 
at least some part of its route. The cable characteristics shape 
the passband response so that the lower frequencies of the pass- 
band (300 Hz to 1700 Hz) are attenuated less than the higher 
frequencies (1700 Hz to 3300 Hz). The longer the cable the more 
pronounced the effect. 

To minimize the impact of this undesired passband shaping, a 
compromise equalizer with more attenuation at lower frequen- 
cies than at higher frequencies can be placed in series with the 
analog signal. The modem includes three such equalizers 
designed to compensate for cable distortion. 
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Cable Equalizer Selection 



CABS2 


CABS1 


Length of 0.4mm Diameter Cable 





1 
1 




1 


0.0 
1.8 km 
36 km 
72 km 



Analog Signals 

Two analog signals, TXA and RXA, provide the interface point 
for telephone company audio circuits. 

The TXA line is an output suitable for driving an audio 
transformer or data access arrangement for connection to either 
leased lines or the PSTN. The output structure of TXA is a low 
impedance amplifier A series resistor is required in order to 
match this output to a standard telephone load of 600 ohms. 

RXA IS an input to the receiver from an audio transformer or data 
access arrangement. The input impedance is nominally 
60K ohms but a factory select resistor allows a variance of 23%. 
The RXA input must be shunted by an external resistor in order 
to match a 600 ohm source. A 604 ohm ±1% resistor is 
satisfactory. 

Some form of transient protection for TXA and RXA is recom- 
mended when operating directly into a transformer This protec- 
tion may be back-to-back zener diodes across the transformer 
or a varistor across the transformer 



Overhead 

Except for the power-on-reset signal POR, the overhead signals 
are dc power or ground points. When the mode m is initially 
energized a signal called Power-On-Reset (POR) causes the 
modem to assume a valid operational state. The modem drives 
pin 39 to ground during the beginning of the POR sequence. 
Approximately 10 ms after the low to high transition of pm 39, 
the modem is ready for normal use. The POR sequence is 
reinitiated anytime the + 5V supply drops below 4- 3.5V for more 
than 30 ms, or an external device drives pin 39 low for at least 
3 iis. When an external low input is applied to pin 39, the modem 
is ready for normal use approximately 10 ms after the low input 
is removed. Pin 39 is not driven low by the modem when the 
POR sequence is initiated externally. In all cases, the POR 
sequence requires 50 ms to 350 ms to complete. The POR 
sequence leaves the modem configures as follows: 

• V.29/9600 bps 

• T/2 equalizer 

• Serial mode 

• Training enabled 

• Echo protector tone enabled 



• No extended squelch 

• Higher receive threshold 

• Interrupts disabled 

• RAM Access S = 00 

• RAM Access B = 22 

This configuration is suitable for performing high speed data 
transfer on the PSTN with the serial data port selected as the 
input and output point for data terminal equipment (DTE). 

Modem Hardware Circuits 



Name | Type | Pin No. | Description 


A. OVERHEAD: 


Ground 


GND 


17,18 


Power Supply Return 


+ 5 volts 


PWR 


33,34 


+ 5 volt supply 


+ 12 volts 


PWR 


21 


+ 12 volt supply 


-12 volts 


PWR 


19 


-12 volt supply 


POR 


I/OB 


39 


Power-on-reset 


B. MICROPROCESSOR INTERFACE: 


D7 


l/OA 


9 


^ 




D6 


l/OA 


8 






D5 


l/OA 


2 






D4 
D3 


l/OA 
l/OA 


3 
4 




- Data Bus (8 Bits) 


D2 


l/OA 


5 






D1 


l/OA 


6 






DO 


l/OA 


7 






RS3 


lA 


13 


" 




RS2 


lA 


14 




. Register Select (4 Bits) 


RSI 


lA 


15 




Select Reg - F 


RSO 


lA 


16 


J 


CSC 


lA 


11 


Chip Select Sample Rate Device 


CS1 


lA 


38 


Chip Select Baud Rate Device 


READ 


lA 


10 


Read Enable 


WRITE 


lA 


12 


Wnte Enable 


IRQ 


OB 


1 


Interrupt Request 


C. V.24 INTERFACE: 


DCLK 


00 


30 


Data Clock 


XCLK 


IB 


31 


Extemal Clock for Group 2 


RTS 


IB 


32 


Request-to-Send 


GTS 


00 


28 


Clear-to-Send 


TXD 


IB 


27 


Transmitter Data 


RXD 


00 


26 


Receiver Data 


RLSD 


00 


29 


Received Line Signal Detector 


D. CABLE EQUALIZER: 


GABS1 


IB 


24 


Cable Select 1 


GABS2 


IB 


25 


Cable Select 2 


E. ANALOG SIGNALS 


TXA 


AA 


23 


Transmitter Analog Output 


RXA 


AB 


22 


Receiver Analog Input 


AUX 


AC 


20 


Auxiliary Analog Input 


Notes: 1 Pin 35 is removed for keying connector. 


2 Unused inputs tied to + 5V or ground require individual 


10Kn series resistors. 
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READ 



WRITE 



TCS-H 



CSi 
(i = 0,1) 



TCS-*- 



WRITE 



READ 



TDA-»> 



Di 
(i = 0-7)- 



/~\ 



K TCH TCS - 



-^TCH TCS-*- 



U^ 



*-TWR 



-TDH 



-<o — c^ 



TWDH-H 



-*TCH 



-*-TWDS 



Microprocessor Interface Timing Diagram 



ly/licroprocessor Interface Timing Requirements 


Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




ns 


Data Access time after Read 


IDA 


— 


140 


ns 


Data hold time after Read 


TDH 


10 


50 


ns 


CSi, RSi hold time after 
Read or Write 


TCH 


10 


_ 


ns 


Write data setup time 


TWOS 


75 


— 


ns 


Write data hold time 


TWDH 


10 


— 


ns 


Write strobe pulse width 


, TWR 


75 


- 


ns 



Analog Interface Characteristics 



Name 


Type 


Characteristics 


TXA 

RXA 
AUXIN 


AA 

AB 
AC 


The transmitter output is a low impedance 
operational amplifier output. In order to 
match to 600 ohms, an external 604 ohm 
series resistor is required. 
The receiver input impedance is 
eOKohms ±23% 

The auxiliary analog input allows access to 
the transmitter for the purpose of interfacing 
with user provided equipment. Because 
this IS a sampled data input, any signal 
above 4800 Hz will cause aliasing errors 
The input impedance is 1K ohms, and the 
gam to the transmitter is -0.4 dB ± 1 dB. 



Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output Type 


lA 


IB 


OA 


OB 


OC 


I/O A 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 mm. 


2.0 mm. 








2.0 mm. 


5.25 max. 
2 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. 


0.8 max 








0,8 max. 


0.8 max. 


VOH 


Output Voltage, High 


V 






2.4 min.i 






2.4 min. 1 


2.4 min.3 


Vol 


Output Voltage, Low 


V 






0.4 max 2 


0.4 max.2 


0.4 max 2 


0.4 max.2 


04 max. 5 


■in 


Input Current, Leakage 


/^ 


±25 max. 










±12 5 max.4 




loH 


Output Current, High 


mA 






-0.1 max. 










loL 


Output Current, Low 


mA 






16 max 


16 max 


1.6 max. 






"l 


Output Current, Leakage 


^ 








± 10 max. 








Ipu 


Pull-up Current 
(Short Circuit) 


nA 




- 240 max. 
-10 min. 






- 240 max. 
-10 mm 




-260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


5 








10 


40 


Cd 


Capacitive Drive 


PF 






100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull'up 


TTL 


Open-Drain 


Open Dram 
w/Pull-up 


3 State 
Transceiver 


Open-Dram 
w/Pull-up 


Notes 


















1. 1 load 


= -100/^ 




5 1 load = 0. 


36 mA 










2. 1 load 


= 1.6 mA 
















3 1 load 


= -40 mA 
















4. V,N = 


0.4 to 2.4 Vdc, Vcc = 5 25 


Vdc 
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SOFTWARE CIRCUITS 

The modem includes two signal processor chips. Each of these 
chips contains 16 registers to which an external (host) micro- 
processor has access. Although these registers are within the 
modem, they may be addressed as part of the host processor's 
memory space. The host may read data out of or write data into 
these registers. The registers are referred to as interface memory. 
Registers in chip update at the modem sample rate (9600 bps). 
Registers in chip 1 update at the selected baud rate except in 
Group 2 and FSK configurations when they update at the sample 
rate. 

When information in these registers is being discussed, the for- 
mat Y:Z:Q is used. The chip is specified by Y(0 or 1), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). A bit is considered to 
be "on" when set to a 1. 

Status/Control Bits 

Modem operation is affected by a number of software control 
Inputs. These inputs are written into registers within the inter- 
face memory via the host microprocessor bus. Modem opera- 
tion is monitored by various software flags that are read from 
interface memory via the host microprocessor bus. All status and 
control bits are defined In the Interface Memory table. Bits 
designated by a ' — ' are reserved for modem use only and must 
not be changed by the host. 

Any one of the registers may be read or written on any host read 
or write cycle, but all eight bits of that register are affected. In 
order to read a single bit or a group of bits in a register, the host 
processor must masl< out unwanted data. When writing a single 
bit or group of bits in a register the host processor must perform 
a read-mod if y-write operation. That is, the entire register is read, 
the necessary bits are set or reset in the accumulator of the host, 
then the original unmodified bits and the modified bits are writ- 
ten back into the register of the interface memory. 

RAM Data Access 

The user can access much of the data stored in the modem's 
memories. This data is a useful tool in performing certain 
diagnostic functions. 

The modem contains 128 words of random access memory 
(RAM). Each word is 32-bits wide. Because the modem is 
optimized for performing complex arithmetic, the RAM words are 
frequently used for storing complex numbers. Therefore, each 
word is organized into a real part (16 bits) and an imaginary part 
(16-bits) that can be accessed independently. The portion of the 
word that normally holds the real value is referred to as XRAM. 
The portion that normally holds the imaginary value is referred 
to as VRAM. The entire contents of XRAM and VRAM may be 
read by the host processor via the microprocessor interface. 

The interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. The RAM address to 
be read from or written to is determined by the contents of register 
0:F (RAM ACCESS S) or 1:F (RAM ACCESS B). The RAM Access 
Codes table lists access codes for storage in registers 0:F or 1:F 
and the corresponding diagnostic functions. Each RAM word 
transferred to the interface memory is 32 bits long. 



These bits are written into interface memory registers 0:3, 0:2, 
0:1 and 0:0, or 1:3, 1:2, 1:1 and 1:0, in that order. Registers 3 and 
2 contain the most and least significant bytes of XRAM data, 
respectively, while registers 1 and contain the most and least 
significant bytes of VRAM data respectively. 

When set to a one, bit 0:5:5 (RAMWS) or bit 1:D:0 (RAMWB) 
causes the modem to suspend transfer of RAM data to the inter- 
face memory, and instead, to transfer data from interface memory 
to RAM in chip or in chip 1, respectively. When writing into 
the RAM, only 16 bits are transferred, not 32 bits as for a read 
operation. The 16 bits written in XRAM or VRAM come from 
registers 1 and 0, with register 1 being the most significant byte. 
Selection of XRAM or YRAM for the destination is by means of 
the code stored in the RAM Access B bits of register 1:F for 
chip 1, or by means of 0:5:4 (RAE) and 0:F (RAM Access S) for 
chip 0. When bit 1:F:7 or 0:5:4 is set to one, the XRAM is selected. 
When 1:F:7 or 0:5:4 equals zero, YRAM is selected. 

When the host processor reads or writes register 0, the modem 
data available bit 0:E:0 or 1:E:0 (MDAi) is reset to zero. When 
the modem reads or writes register 0, MDAi is set to a one. When 
set to a one by t he ho st, bit 0:E:2 or 1:E:1 (lEi) enabl es the MDAi 
bit to cause an IRQ interrupt when set. While the IRQ line is 
driven to a TTL low level by the modem, bit 0:E.7 or 1:E.7 (lAi) 
goes to a one. 

RAM Access Codes 

The RAM access codes defined in the following table allow the 
host processor to read diagnostic information within the modem. 
This information is scaled as shown in the Diagnostic Data 
Scaling table. 






RAM Access Codes 


















Read 


Node 


Function 


Access 


RAE 


Chip 


Reg. No. 


1 


Received Signal Samples 


40 


X 





2,3 


2 


Demodulator Output 


42 


X 





0,1,2,3 


3 


Low Pass Filter Output 


54 


X 





0,1,2,3 


4 


Average Power 


5C 


X 





2,3 


5 


AGC Gam 


3C 


X 





2,3 


6 


Tone 1 Frequency 


71 


1 





2,3 


7 


Tone 1 Level 


72 


1 





2,3 


8 


Tone 2 Frequency 


71 








0,1 


9 


Tone 2 Level 


72 








0,1 


10 


Output Level 


4C 








0,1 


11 


Equalizer Input 


40 


N.A 




0,1,2,3 


12 


Equalizer Tap Coefficients 


01-20 


N.A. 




0,1,2,3 


13 


Unrotated Equalizer Output 


61 


NA. 




0,1,2,3 


14 


Rotated Equalizer Output 
(Received Point— Eye Pattern) 


22 


N.A. 




0,1,2,3 


15 


Decision Points (Ideal) 


62 


NA 




0,1,2,3 


16 


Error Vector 


63 


NA. 




0,1,2,3 


17 


Rotation Angle 


00 


N.A 




0,1 


18 


Frequency Correction 


A8 


N.A 




2,3 


19 


Eye Quality Monitor (EQM) 


AB 


N A. 




2,3 


20 


G2 Baseband Signal 


C8 


N.A. 




2,3 


21 


G2 AGC Gam 


AD 


NA. 




2,3 


22 


G2 AGC Slew Rate 


AA 


N.A. 




2,3 


23 


G2 PLL Frequency Correction 


C2 


N.A. 




2,3 


24 


G2 PLL Slew Rate 


FO 


N.A 




2,3 


25 


G2 Black/White Threshold 


2A 


N.A. 


1 


0,1 


26 


G2 Phase Limit 


F2 


N.A. 




2,3 


27 


Checksum 


2D 


N.A. 




2,3 


RAE = X is don't care since this location s 


ihoulC 


only 


be read 


from, and not written to, by the host 


. N.A 


is no 


t 


applicable since RAE is not used m 


chip 


one. 





3-181 



R96MD 



9600 bps Facsimile l\/lodem 



Diagnostic Data Scaling 



Node 



Parameter/Scaling 



Received Signal Samples = A/D Sample Word (signed 16 bits, twos complement) 



CHANNEL 



lA DEVICE 



SIGNAL 
PROCESSOR 



AGC WORD 



(A/D Sample Word)ie 



VEXT = V|NT 



(40)i6 



LOG.; 



256 



- Volts 



AGC Gain (dB) 
20 



2, 3, 
11, 13 
14, 15 



All Baseband Signal Nodes (32 bits, complex, twos complement) 





Configuration 


V.29/9600 


V.29/7200 


V.29/4800 & V.27/2400 


V. 27/4800 


Point 


x,y 


x,y 


x,y 


x,y 


1 


0000, 2800 


0000, 2400 


0000, 1F00 


0000, 1F00 


2 


2800, 0000 


2400, 0000 


1F00, 0000 


1600, 1600 


3 


0000, D800 


0000, DCOO 


0000, E100 


1F00, 0000 


4 


D800, 0000 


DCOO, 0000 


E100, 0000 


1600, EAOO 


5 


0000, 1800 


OCOO, OCOO 




0000, E100 


6 


1800, 1800 


OCOO, F400 




EAOO, EAOO 


7 


1800, 0000 


F400, F400 




El 00, 0000 


8 


1800, E800 


F400, OCOO 




EAOO, 1600 


9 


0000, E800 








10 


E800, E800 








11 


E800, 0000 








12 


E800, 1800 








13 


0800, 0800 








14 


0800, F800 








15 


F800, F800 








16 


F800, 0800 









(!) 



© 



© 



© 



© 











© 







6 







-0* 







--0H 



9 







6 



-0- -o- 



9 







H0* 



9 







v.29/9600 BPS 



V.29/7200 BPS 



V.29/4800 BPS and 
V.27/2400 BPS 



V.27/4800 BPS 



Average Power (16 bits, unsigned) 

Typical value: 0889i6 (corresponding to dBm) 

Post-AGC Average Power m dBm = 10 Log (Average Power Word),6 

889 ie 

Pre-AGC Average Power in dBm = Post-AGC Avg Power in dBm - AGC gain in dB 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



AGC Gain (16 bits, unsigned) 

Range: 

OFCO16 to 7FFFi6 for LRTH = (- 43 dBm Threshold) 

0640i6 to 7FFF16 for LRTH = 1 (- 47 dBm Threshold) 

AGC Gain in dB = 50 - (AGC Gam Word),e ^ ^^gg 
40i6 



6, 8 Tone 1 and 2 Frequency (16 bits, unsigned) 

N = 6.8267 (Frequency in Hz) 

Convert N to hexadecimal then store in RAM. 



7, 9 Tone 1 and Tone 2 Level 

Calculate the power of each tone independently by using the equation for Output Number given at node 10. Convert these num- 
bers to hexadecimal then store in RAI\/I. Total power transmitted in tone configuration is the result of both tone 1 power and tone 2 
power. 



Output Level (16 bits, unsigned) 

Output Number = IVI [10^^°^^°^ 

Po = output power in dBm with series 600 ohm resistor into 600 ohm load. 

Convert Output Number to hexadecimal and store in RAM 

M varies depending on configuration. 

The output level can only be changed after RTS is active. 



Configuration 


M 


V.29/9600 


17408 


V.29/7200 


26880 


V.27/4800 


16640 


V.27/2400 


16640 


FSK 


16337 


Group 2 


30976 



Equalizer Taps (32 bits, complex, twos complement) 

Node 12 is not a single point but is actually a set of RAM locations containing adaptive equalizer tap coefficients. In V.29 con- 
figuration, access codes 01 through 20 hexadecimal represent 32 complex taps. In V.27 configuration, access codes 01 through 
10 hexadecimal represent 16 complex taps, since the equalizer for V.27 is only half as long as the equalizer for V.29. 

The equalizer tap access codes can be useful for restoring modem operation after loss of equalization without requesting a train- 
ing sequence from the transmitter. Since the equalizer tap coefficients are complex numbers they require two write operations 
per tap, one for the real part and one for the imaginary part. When writing the real part, the access codes 01 through 20 must be 
changed to 81 through AO. When writing the imaginary part, or when reading the complex number, the access codes 01 through 
20 are correct. 
Registers 1*1 and 1:0 hold the most and least significant bytes, respectively, of the 16 bits during a write operation. 



Error Vector (32 bits, complex, twos complement) 

Represents the difference between the received point (P2) and the nearest ideal point (PI). 





/ 

1 
1 


/ 


C| 


1 

f 1 


/ 


i 


A 




1 

f 


/ 






/- 







Bit Rate 


Registers 3 and 2 


Registers 1 and 


Magnitude 


Configuration 


(BPS) 


Real Error 


Imag. Error 


.^Re2 + Im2 


V29 


9600 


<0C00i6 


<0COOi6 


<0E66i6 


V.29 


7200 


<2400i6 


<2400i6 


<1AD4i6 


V.29 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V.27 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V.27 


2400 


<1C00i6 


<1C00i6 


<1C00i6 



Pi = xi + iyi 
P2 = X2 + iy2 



Error Vector Maximum Values 



■ Pi = (X2 - xi) + i(y2 - yi) 

= REAL ERROR -h IMAGINARY ERROR 



BOUNDARY 



■/ 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



Rotation Angle (18 bits, twos complement) 

Represents instantaneous correction for phase and frequency errors 
(Rot Angle Word)if 



Rotation Angle in degrees : 



X 180 



10000 16 



Frequency Correction (16 bits, twos complement) 

Represents component of rotation angle caused by frequency error 

Range FCOO^q to 0400i6 representing ±37 5 Hz 

r- ^ X I . (Freq Correction Word)-,^ „ ■ r^ x 

Freq Correction in Hz = ^^ — 12° x Baud Rate in Hz 

IOOOO16 



Eye Quality Monitor, EQM (16 bits, unsigned) 

Equals the filtered squared magnitude of the err or vect or Proportionality to bit error rate is determined by particular application 
Stabilizes in approximately 700 baud times from RLSD going active 

^^ \ EQM VS SNR 

^^ 1 UNCONDITIONED 3002 LINE 

2D - I T EQUALIZER 

m 28 [ \ -20 DBM SIGNAL LEVEL 

\ 3 KHZ FLAT WEIGHTING 



"^' 


EQM MAGNITUDE 




A 

/IDEAL POINT 
EYE PATTERN DISPERSION 



X m 




£CD 


IE 


^aj 


19 


!- 




LU C^ 


14 






^ 


Oh 




04 




05 








Relationship of EQM to Eye Pattern 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 

SNR (dB) 

Typical Eye-Quality Versus Signal-to-Noise 

Ratio for V.29/9600 



"Group 2 Baseband Signal (16 bits, unsigned) 

Range 

OOOO16 to 0600-,6 represents black 

1000-J6 to 21OO16 represents white 



* Group 2 AGC Gain (16 bits, unsigned) 

AGC Gam m dB = 50 - i^^^^^^Hy^^l^ , q 098 
40i6 



* Group 2 AGC Slew Rate 

Can be adjusted by the host 

Range 

OOOO16 to 7FFFi6 



7000 
6000 
5000 
4000 
3000 
2000 
1000 



' 


\ 




, L 


\ 




\ 


\ 




it 


\ 




1 \ 


\ 




1 "i\ 










:::>i.. li 



01 1 1 10 100 

Seconds to Stabilize AGC for -55 DBM to DBM Step 
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Diagnostic Data Scaling (continued) 



Node 



Parameter/Scaling 



*Group 2 PLL Frequency Correction (16 bits, twos complement) 

Range: 

FC6A16 to 0346i6 representing ± 140 Hz 

Frequency correction in Hz = Frequency correction number (0167) 



•Group 2 PLL Slew Rate 

Represents gam of first order term in phase locked loop 

Range: 

OOIO16 to 70OO16 for stable operation 

Directly proportional to PLL slew rate 



25 



"Group 2 Black/White Threshold (16 bits, unsigned) 

Default value (7800)i6 



u o 

< UJ 

^^ 

O lU 

CD _l 
S UJ 
3>< 
Z Ql 




NOTE: 

1. 100 WHITE PIXELS SENT FOLLOWED BY 4 BLACK 
PIXELS SENT. 

2. RESULTS OBTAINED AT DBM, NO COMPROMISE 
EQUALIZERS IN BACK TO BACK CONNECTION. 



7 7 7 7 6 6 6 

8 6 2 F C A 





THRESHOLD VALUE (HEXADECIMAL) 



26 *Group 2 Phase Limit (16 bits, twos complement) 

When phase error exceeds this limit, PLL updating is suspended. 
Default. 5OOO16 representing ±675 degrees 
(Phase Limit)-|6 
(7FFF),6 
Once phasing is acquired, the limits may be narrowed to improve immunity to phase hits. 



Phase limit = 180° - 



X 180° 



Checksum (16-bit unsigned) 

ROM checksum number determined by revision level 



*See Rockwell Application Note, R96F Modem Recommended Receive Sequence for Group 2 Facsimile (Order No. 655, Rev. 3). 
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Interface Memory Chip (CSO) 






\v Bit 
Register\ 


7 


6 


5 


4 


3 


2 


1 





F 


PDM 


RAM ACCESS S 


E 


lAO 


_. 


-- 


_ 


SETUP 


lEO 


-- 


MDAO 


D 


— 


— 


~ 


_ 


~ 


._. 


_ 


— 


C 


-- 


__ 


~ 


_ 


__ 


„ 


__ 


— 


B 


__ 


— 


__ 


— 


__ 


— 


__ 


__ 


A 


— 


~ 


— 


— 


™. 


„ 


~ 


__ 


9 


__ 


— 


— 




„ 


— 


— 


— 


8 


— 


— 


__ 


— 


— 


— 


___ 


— 


7 


_ 


— 


._ 


— 


— 


__ 


— 


— 


6 


_ 


— 


— 


— 


„ 


~ 


— 


— 


5 


RTS 


TDIS 


RAMWS 


RAE 


EFT 


SQEXT 


T2 


LRTH 


4 


CONFIGURATION 


3 


RAM DATA XSM, FREQM 


2 


RAM DATA XSL; FREQL 


1 


RAM DATA YSM 





RAM DATA YSL, TRANSCEIVER DATA 


Register/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Rese 


rved (modem use only) 





Interface 


Memory Chip 1 


(CS1) 






\ Bit 
Register^\ 


7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS B 


E 


IA1 


— 


— 


_ 


— 


IE1 


— 


MDA1 


D 


._ 


— 


— 


— 


_ 


— 


FRT 


RAMWB 





_. 


— 


— 


— 


~ 


— 


~ 


G2FGC 


B 


FR3 


FR2 


FR1 


__ 


_ 


_ 


_ 


— 


A 


— 


— 


— 


— 


— 


— 


— 


— 


9 


__ 


— 


— 


_ 





— 


— 


— 


8 


— 


_ 


— 


— 


— 


~ 


— 


— 


7 


~ 


PNDET 


— 


— 


— 


— 


— 


CDET 


6 


_ 


— 


-- 


— 


— 


— 


~ 


— 


5 


_ 


FED 


— 


— 


_ 


— 


_ 


_ 


4 


__ 


__ 


_ 


— 


__ 


P2DET 


— 


— 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


Register/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Reserved (modem use only) 



3-186 



R96MD 



9600 bps Facsimile IVIodem 



Interface Memory Definitions 



l\/lnemonic 



Name 



IVIemory 
Location 



Description 



CDET 



(None) 



Carrier Detector 



Configuration 



1:7:0 



0:4:0-7 



The zero sta te of C DET Indicates passband energy is being detected, and a training sequence is 
not present. CD ET goe s to zero at the start of the data st ate, an d returns to one at the end of the 
received si gnal. C DET activates up to 1 baud time before RLSD and deactivates within 2 baud 
times after RLSD. 

The host processor configures the modem by writing a control code into the configuration register 
In the Interface memory space. (See SETUP) 

Configuration Controi Codes 

Control codes for the eight available modem configurations are: 



Configuration 

V.29 9600* 
V.29 7200 
V.27 4800 
V.27 2400 
FSK 
Group 2 
Tone Transmit 
DTIVIF Transmit 



Configuration Code (HEX) 

14 
12 
OA 
09 
20 
40 
80 
81 



* Default at POR. 



Configuration Definitions 

1. V.29. When a V.29 configuration has been selected, the modem operates as specified in 
CCITT Recommendation V.29. 

2. V.27. When a V.27 configuration has been selected, the modem operates as specified In CCITT 
Recommendation V.27 ter. 

3. FSK. The modem operates as a CCITT T.30 compatible 300 bps FSK modem having 
characteristics of the CCITT V.21 channel 2 modulation system. 

4. Group 2. The modem operates as a CCITT T.3 compatible AM modem. This configuration 
permits transmission to and reception from Group 2 facsimile apparatus. A carrier frequency of 
2100 Hz is used. A black signal is transmitted as no carrier. The phase of the carrier 
representing white is reversed after each transition through black. 

When In the receive state, the modem recovers the carrier of the remote transmitting modem to 
perform a coherent demodulation of the Incoming signal. This technique allows a baseband of 
3400 Hz to be recovered. The recovered baseband signal is available on the microprocessor 
bus. 

The baseband signal is converted to black or white by comparing the received signal level with 
a preset threshold number. This number may be changed by the user. 

Receiver data is presented to the RXD output at a rate of 10368 samples per second. The user 
should strobe the data on the rising edge of the data clock (DCLK). A logical 1 level (high 
voltage) represents white. A logical level (low voltage) represents black. 

5. Tone Transmit. In this configuration, activating signal RTS causes the modem to transmit a 
tone at a single frequency specified by the user. Two registers in the host interface memory 
space contam the frequency code. The most significant bits are specified In the FREQM 
register '(0:3). The least significant bits are specified in the FREQL register (0:2) The least 
significant bit represents 0.146486 Hz ±0.01%. The frequency generated is: 

f = 0.146486 (256 FREQM + FREQL) Hz ±0.01%. 

6. DTMF Transmit. In this configuration, activating RTS causes the modem to transmit two tones at 
frequencies and output levels specified by the user By using the RAM Data Access routines, 
the user can program the tones and levels 
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Interface Memory Definitions (Continued) 



Mnemonic 



Name 



Memory 
Location 



Description 



FED 



(None) 



FRT 

FR1 - FR3 



G2FGC 



!A0 



lEO 



IE1 



LRTH 



Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



Freeze Taps 
Frequency 1,2,3 



Group 2 Fast 
Gam Control 

Interrupt Active 
(One) 

Interrupt Active 
(Zero) 

Interrupt Enable 
(Zero) 

Interrupt Enable 
(One) 

Lower Receive 
Threshold 

Modem Data 
Available (Zero) 



1.5:6 



0:2:0-7, 
0:3 0-7 



1:8:5,6,7 



1:C0 



1:E7 



0:E:7 



0:E:2 



0:5 



OEO 



If EPT IS a one, an unmodulated carrier is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. This option is available in both the 
V.27 and V.29 configurations, although it is not specified in the CCITT V.29 recommendation. 

The zero state of FED indicates energy is present above the receiver threshold in the passband. 
FED IS not used for Group 2 Facsimile. 

The host processor conveys tone generation data to the transmitter by writing a 16-bit data word to 
the FREQL and FREQM registers in the interface memory space, as shown below 

FREQM Register (0:3) 



Bit 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


?EOL Register (0:2) 


Bit- 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0.146486) (N) Hz ±0.01%. 

Hexadecimal frequency numbers (FREQM, FREQL) for commonly generated tones are given below: 

Frequency (Hz) FREQM FREQL 

462 
1100 
1650 
1850 
2100 

When FRT is a one, adaptive equalization taps are prevented from changing. 

The one state of FR1, FR2 or FR3 indicates reception of the respective tonal frequency when the 
modem is configured for FSK. The default frequencies for FR1 , FR2 and FR3 are: 



oc 


52 


ID 


55 


2C 


00 


31 


55 


38 


00 



Bit 


Frequency (Hz) 


FR1 


2100 


FR2 


1100 


FR3 


462 



The one state of G2FGC selects a fast AGO rate (8.6 times standard) in Group 2 Facsimile. 

IA1 IS a one when Chip 1 is driving IRQ to zero volts. 

lAO IS a one when Chip is driving IRQ to zero volts. 

The one state of lEO causes the IRQ output to be low when the DAO bit is a one. 

The one state of IE1 causes the IRQ output to be low when the DAI bit is a one. 



The one state of LRTH lowers the receiver turn-on threshold from -43 dBm to -47 dBm (See 
SETUP) 

MDAO goes to one when the modem reads or writes register 0:0. MDAO goes to zero when the 
host processor reads or writes register 0. MDAO is used for parallel mode as well as for 
diagnostic data retneval 
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Interface Memory Definitions (Continued) 



(Mnemonic 



Name 



l\/lemory 
Location 



Description 



MDA1 

PDM 

PNDET 

P2DET 

(None) 

(None) 

(None) 
(None) 
(None) 

(None) 

(None) 

(None) 

(None) 

(None) 

RAE 

RAMWB 

RAMWS 

RTS 

SETUP 



Modem Data 
Available (One) 

Parallel Data 
Mode 

Period 'N' 
Detector 

Period '2' 
Detector 

RAM Access B 

RAM Access S 

RAM Data XBL 
RAM Data XBM 
RAM Data XSL 

RAM Data XSM 

RAM Data YBL 

RAM Data YBM 

RAM Data YSL 

RAM Data YSM 



RAM Address 
Extension 

RAM Write Chip 1 
(baud rate 
device) 

RAM Wnte Chip 
(sample rate 
device) 

Request-to-Send 



Setup 



1:E:0 

0:F:7 

1:7:6 

1:4:2 

1:F:0-7 

0:F:0-6 

1:2:0-7 
1:3:0-7 
0:2:0-7 

0:3:0-7 

1:0:0-7 

1:1:0-7 

0:0:0-7 

0:1:0-7 

0:5:4 

1:D:0 

0:5:5 

0:5:7 

0:E:3 



MDA1 goes to one when the modem writes register 1-0. MDA1 goes to zero when the host 
processor reads register 1:0. 

The one state of PDM places the modem in the parallel mode and inhibits the reading of Chip 
diagnostic data. 



The zero state of PNDET indicates a PN sequence has been detected. PNDET sets to a one at the 
end of the PN sequence. 



The zero state of P2DET indicates a P2 sequence has been detected. P2DET sets to a one at the 
start of the PN sequence. 

Contains the RAM access code used in reading or writing RAM locations in Chip 1 (baud rate 
device). 

Contains the RAM access code used in reading or writing RAM locations in Chip (sample rate 
device). 

Least significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 

Most significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 

Least significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device). 

Most significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device). 

Least significant byte of 16-bit word y used in reading or writing RAM locations in Chip 1 (baud 
rate device). See DAI. 

Most significant byte of 16-bit word y used in reading or writing RAM locations in Chip 1 (baud 
rate device). 

Least significant byte of 16-bit word y used in reading or writing RAM locations in Chip (sample 
rate device). Shared by parallel data mode for presenting channel data to the host microprocessor 
bus. See Transceiver Data and DAO. 

Most significant byte of 16-bit word y used in reading or writing RAM locations in Chip (sample 
rate device). 

This bit is an extension of RAM Access S when RAMWS is a one. During a RAM write to Chip 0, 
when RAE is a 1 the XRAM is selected and when RAE is a the YRAM is selected. 

RAMWB is set to a one by the host processor when performing diagnostic writes to the baud rate 
device (Chip 1). RAMWB is set to a zero by the host when reading RAM diagnostic data from 
Chipl. 

RAMWS is set to a one by the host processor when performing diagnostic writes to the sample 
rate device (Chip 0). RAMWS is set to a zero by the host when reading RAM diagnostic data from 
Chip 0. 

The one state of RTS begins a transmit sequence. The modem will continue to transmit until RTS 
is turned off, a nd the turn-off sequence has been completed. RTS parallels the operation of the 
hardware RTS control input. These inputs are "ORed" by the modem. 

The one state of SETUP causes the modem to reconfigure to the control word in the configuration 
register, and to assume the options specified for equalizer (0:5:1) and threshold (0:5:0). SETUP 
returns to zero when acted on by the modem. The time required for the SETUP bit to cause a 
change depends on the current state of the modem. The following table lists worst case delays. 



Current 
State 


V.21 


G2 


High Speed 
Receiver 


High Speed Transmitter 


DELAY 


14 ms 


400^3 


2 BAUD 


2 BAUD + TURNOFF Sequence + Training (if 
applicable) + SQUELCH (if applicable) 
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Interface Memory Definitions (Continued) 



Mnemonic 


Name 


IVlemory 
Location 


Description 


SQEXT 
TDIS 

(None) 
T2 


Squelch Extend 
Training Disable 

Transceiver Data 

T/2 Equalizer 
Select 


0.5-2 
0:5:6 

0.0.0-7 
0.5-1 


The one state of SQEXT inhibits reception of signals for 130 ms after the turn-off sequence. 

If TDIS is a one in the receive state, the modem is prevented from entering the training phase If 
TDIS IS a one prior to RTS going on, the generation of a training sequence is prevented at the 
start of transmission. 

In receive parallel data mode, the modem presents eight bits of channel data in register for 
reading by the host microprocessor. After the eight bits have been accumulated in register 0-C 
they are transferred to and bit 0-E.O goes to a one. When the host reads 0:0, bit O.E:0 resets 
to a zero The first bit of received data is not necessarily located in bit 0.0:0. The host must frame 
the received data by searching for message sync characters Bit 0-E:0 sets at one eighth the bit 
rate in parallel data mode rather than at the sample rate (9600 Hz) as it does when reading RAM 
locations. 

In transmit parallel data mode the host stores data at location 0:0 This action causes bit 0:E:0 to 
reset to a 0. When the modem transfers the data from 0-0 to 0:2 bit 0:E:0 sets to a 1. The data is 
serially transmitted from register 0.2 least significant bit first. Received data is shifted into register 
0-C from MSB toward LSB. 

If T2 IS a one, an adaptive equalizer with two taps per baud is used. If T2 is a zero, an adaptive 
equalizer with one tap per baud is used. The number of taps remains the same for both cases 
(See SETUP) 



PERFORMANCE 

Whether functioning in V.27 ter or V.29 configuration, the modem 
provides the user with unexcelled high performance. 

TYPICAL BIT ERROR RATES 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56. Bit error rates are measured at a 
received line signal level of -20 dBm as illustrated. 

TYPICAL PHASE JITTER 

At 2400 bps, the modem exhibits a bit error rate of lO-e or less 
with a signal-to-noise ratio of 12.5 dB in the presence of 15° 
peak-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio 
of 15 dB in the presence of 30° peak-to-peak phase jitter at 
120 Hz (scrambler inserted). 



At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 

At 7200 bps (V.29), the modem exhibits a bit error rate of 10"^ 
or less with a signal-to-noise ratio of 25 dB in the presence of 
12° peak-to-peak phase jitter at 300 Hz. 

At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 20° peak-to-peak phase jitter at 30 Hz. 

The BER curves shown were prepared from data obtained using 
a TAS 1000 communication test system. 
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FSK 



10-3 



10-4 
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10-5 
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s 

UJ 
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10-6 












\ 




1 








1 






1 


( 
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Typical Bit Error Rate 
(Back-to-Back, T Equalizer, Level - 20 dBm) 



Typical Bit Error Rate 
(Unconditioned 3002 Line, T Equalizer, Level - 20 dBm) 
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GENERAL SPECIFICATIONS 







Power 




Voltage 


Tolerance 


Current (Typical) @ 25°C 


Current (Max) @ 0°C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 
±5% 


o en o 

3 3 3 

> > > 


<500 mA 

< 10 mA 

< 50 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity 


0°Cto +60°C(32°Fto140°F) 

-40°C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 



Mechanical 



Parameter 


Specification 


Board Structure 


Single PC board with a row of 20 pins and a row of 20 pins in a dual-in-line pin configuration. 




Mates with Berg 65780 or equivalent 


Dimensions 




Width 


2 in (50.8 mm) 


Length 


2.575 in (65.4 mm) 


Component Height 


0.30 in (7 6 mm) above, 0.13 in. (3.30 mm) below 


Weight (max.) 


2.6 oz. (73 g) 


Pins 




Length above PCB 


0.300 in. ±0 015 in. (7.6 ±0.38 mm), 0.433 ±0.015 m. (11 ±0.38 mm), 0.535 ±0 015(13.6 ±0.38 mm) 


Thickness 


025 m (0 64 mm) square 


Plating 


Gold 



BETWEEN ^ 
PINS 



inches 



(47) 



t 
0.075 



(1.9) 



(63.5) 

k 0.100 TYP 
(2.54) / 



JDI^25^ SQ PINS (41 PL) 
(0.64) 



OOOOOOI » JOOOOOOOOOOOCT 



1.875 REF 



(47.6) 



\ 0.063 DIA 
~(T:ir^2PL) 

2.575 ^ 

(65,4) 



2.000 



(50.8) 



SEE MECH 
- SPECIFICATION 
TABLE 



0.062 
(1.6) 




0.130 MAX 



(3.3) 
COMPONENT AREA 



R96MD Dimensions and Pin Locations 



3-192 



R144HD 

Integral Modems 




R144HD 
14400 bps Half-Duplex Modem 



INTRODUCTION 

The Rockwell R144HD Is a synchronous 14400 bits per second 
(bps) half-duplex modem. It Is designed for operation over the 
public switched telephone network (PSTN) through line termi- 
nations provided by a data access arrangement (DAA). 

The modem satisfies the telecommunications requirements 
specified In CCITT recommendations V.33, V.29, V.27 ter, T.30, 
T.4 and T.3. The R144HD can operate at speeds of 14400, 
12000, 9600. 7200, 4800, 2400 and 300 bps. 



The R144HD is designed for use in Group 3 facsimile machines 
and is also compatible with Group 2 machines. User program- 
mable features allow the modem operation to be tailored to sup- 
port a wide range of functional requirements. The modem's small 
size, low power consumption, serial/parallel host interface, and 
standard connector simplify system design and allow installation 
In a compact enclosure. A proprietary V.33 short train feature 
provides faster connection time at the high speeds required for 
facsimile transmission. 



FEATURES 

• Compatibility: 

— CCITT V.33, V.29, V.27 ter. T.30, V.21 Channel 2, T.4, T.3 

— Trellis Coded Modulation (TCM) at 14400, 12000, 9600 
and 7200 bps 

— Short Train in TCM Configurations 

• Group 3 and Group 2 Facsimile 

• Half-Duplex (2-Wire) 

• Programmable Tone Detection 

• Programmable Dual/Single Tone Generation 

• Dynamic Range: -43 dBm to dBm; also available from 
-43dBm to -6 dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable and Link (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Transmit Output Level: + 5 dBm ± 1 dBm 

• Small Size: 100 mmx82 mm (3.94 in. x 3.23 in.) 

• Power Consumption: 4.2W (Typical) 

• TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 

TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 

T.30 Tonal Signaling Frequencies 





Frequency 


Function 


(Hz ±0.01%) 


Calling Tone (CNG) 


1100 


Answer Tone (CED) 


2100 


Group 2 Identification (QI2) 


1850 


Group 2 Command (GC2) 


2100 


Group 2 Confirmation (CFR2, MCF2) 


1650 


Line Conditioning Signal (LCS) 


1100 


End of Message (EOM) 


1100 


Procedure Interrupt (PIS) 


462 


MF1 Confirmation (CFR) 


1080 


MF1 Procedure Interrupt (PIS) 


462 



Carrier Frequencies 



Function 


Frequency 
(Hz ±0.01%) 


T.3 (Group 2) 

V.27 ter, V.33, TCM96, TCM72 

V.29, (V.33, TCM96, TCM72)1 


2100 
1800 
1700 


1. Selectable option 



TONE GENERATION 

Under control of the host processor, the R144HD can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 

TONE DETECTION 

In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is indicated by bits in the interface memory. 

SIGNALING AND DATA RATES 

Signaling/Data Rates 









Data Rate 






Baud Rate 


Bits Per 


(BPS) 


Symbol 


Specification 


(Symbols/Sec.) 


Baud 


(±0.01%) 


Points 


V.33 


2400 


6 


14400 


128 


V.33 


2400 


5 


12000 


64 


TCM96 


2400 


4 


9600 


32 


TCM72 


2400 


3 


7200 


16 


V.29 


2400 


4 


9600 


16 


V.29 


2400 


3 


7200 


8 


V.29 


2400 


2 


4800 


4 


V.27 


1600 


3 


4800 


8 


V.27 


1200 


2 


2400 


4 



DATA ENCODING 

The R144HD data encoding conforms to CCITT recommenda- 
tions V.33, V.29, and V.27 ter. 



EQUALIZERS 

The R144HD provides the following equalization functions which 
can be used to improve performance when operating over poor 
lines: 

Cable Equalizers — Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 

Link Amplitude Equalizer ~ The selectable compromise 
amplitude equalizer may be inserted into the transmit and/or 
receive paths under control of the transmit amplitude equalizer 
enable and the receive amplitude equalizer enable bits in the 
interface memory. The amplitude select bit controls which of two 
amplitude equalizers is selected. 

Automatic Adaptive Equalizer — An automatic adaptive equal- 
izer is provided in the receiver circuit for high speed data 
configurations. 

TRANSMITTED DATA SPECTRUM 

If neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions: 

1. 1200 Baud. Square root of 90 percent. 

2. 1600 Baud. Square root of 50 percent. 

3. 2400 Baud. Square root of 20 percent. 

The out-of-band transmitter power limitations meet those spe- 
cified by Part 68 of the FCC's Rules, and typically exceed the 
requirements of foreign telephone regulatory bodies. 

SCRAMBLER/DESCRAMBLER 

The R144HD incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 ter, 
V.29, or V.33 depending on the selected configuration. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R144HD can adapt to received fre- 
quency error of up to ± 10 Hz with less than a 0.2 dB degrada- 
tion in BER performance. Group 2 carrier recovery capture range 
is 2100 ± 30 Hz. The Group 2 receiver operates properly when 
the carrier is varied by ± 16 Hz at a 0.1 Hz per second rate. 

RECEIVE LEVEL 

The receiver circuit of the R144HD satisfies all specified perform- 
ance requirements for received line signal levels from - dSm 
to -43 dSm. The received line signal level is measured at the 
receiver analog input (RXA)- 

RECEIVE TIMING 

In the receive state, the R144HD provides a Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a ± 0.01 % fre- 
quency error in the associated transmit timing source. DCLK 
duty cycle is 50 ±3%. 



3-194 



R144HD 



14400 bps Half-Duplex Modem 



TRANSMIT LEVEL 

The transmitter output level defaults to + 5 dBm ± 1 dB at power 
on. When using the default transmit level and driving a 600 ohm 
load, the TXA output requires a 600 ohm series resistor to 
provide - 1 dBm ±1 dB to the load. The output level can be 
programmed from - 1 dBm to - 10 dBm by performing a RAM 
write operation. 

TRANSMIT TIMING 

In the transmit state, the R144HD provides a Data Clock (DCLK) 
output with the following characteristics: 

1. Frequency. Selected data rate of 14400, 12000, 9600, 7200, 
4800, 2400, or 300 Hz (±0.01%). In Group 2, DCLK tracks 
an external 10368 Hz clock. If the external clock input (XCLK) 
is grounded the Group 2 DCLK is 10372.7 Hz ±0.01%. 

2. Duty Cycle. 50 ±3% 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

The selectable turn-on sequences of the R144HD are defined 
In the following table: 

Turn-On Sequences 



Specification 


RTS-CTS Turn-On Time 


Echo Protector 
Tone Disabled 


Echo Protector 
Tone Enabled 


V.33 

V33 Short 

TCM96 

"rcM96 Short 

TCM72 

TCM72 Short 

V.29 

V27 4800 bps 

V27 2400 bps 

V27 4800 Short 

V27 2400 Short 


1393 ms 

142.5 ms 

1393 ms 

142.5 ms 

1393 ms 

142.5 ms 

253 ms 

708 ms 

943 ms 

50 ms 

67 ms 


1598 ms 

347.5 ms 

1598 ms 

347.5 ms 

1598 ms 

347.5 ms 

438 ms 

913 ms 

1148 ms 

255 ms 

272 ms 


V21 300 bps 
Group 2 


<14 ms 
<400 ,is 


<14 ms 
<400 lis 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
12 ms of remaining data and scrambled ones at 1200 baud or 
approximately 10 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.33, 
TCM96, TCM72, and V.29, the turn-off sequence consists of 
approximately 8 ms of remaining data and scrambled 1's fol- 
lowed by a 20 ms period of no transmitte d ene rgy. In V.21 the 
transmitter turns off within 7 ms after RTS goes fals e. In 
Group 2 the transmitter turns off within 200 /^seconds after RTS 
goes false. 

CLAMPING 

The following clamps are provided with the R144HD: 
1 . Received Dat a (RXD ). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



2. Received Line Signal Detector (RL SD). R LSD is clamped off 
(squelched) during the time when R TS is on. 

3. Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the turn-off sequence. 

RESPONSE TIMES OF CLEAR-TO-SEND (CfS) 

The time betwe en the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 1393 ms for V.33 and TCM96, 
253 ms for V.29, 708 ms for V.2 7 ter at 4800 bps, and 943 ms 
for V.27 ter at 24 00 bps. In V.21 CTS turns on In 14 ms or less. 
In Group 2 CTS turns on In 400 /is or less. 

The time betwe en th e on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 



For V.33, TCM96, V.29 or V.27 ter, RLSD turns on at the end of 
the tra ining sequence. If training is not detected at the receiver, 
RLSD will not turn on. 




The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. The threshold levels are: 



Greater than -43 dB m (RLS D on) 
Less than -48 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated 2100 Hz 
tone applied to the receiver's audio input (RXA). 

MODES OF OPERATION 

The R144HD Is capable of being operated in either a serial or 
a parallel mode of operation. 

SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) sig- 
nals to transfer channel data. An optional USRT device (shown 
in the R144HD Functional Interconnect Diagram) illustrates this 
capability. 

PARALLEL MODE 

The R144HD has the capability of transferring channel data 
eight bits at a time via the microprocessor bus. 

MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on. In either mode the R144HD is con- 
figured by the host processor via the microprocessor bus. 
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R144HD Functional Interconnect Diagram 



INTERFACE CRITERIA 

The modem Interface comprises both hardware and software 
circuits. Hardware circuits arie assigned to specific pins in two 
rows of a 40-pin connector. Software circuits are assigned to 
specific bits in a 32-byte interface memory. 



HARDWARE CIRCUITS 

Signal names and descriptions of the hardware circuits, includ- 
ing the microprocessor interface, are listed in the R144HD Hard- 
ware Circuits table; the table column titled Type' refers to 
designations found in the Hardware Circuit Characteristics. The 
microprocessor interface is designed to be directly compatible 
with an 8080 microprocessor. With the addition of a few external 
logic gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 



R144HD Hardware Supervisory Circuits 


Name | Type { Pin No. | Description 


A. OVERHEAD: 


Ground 
+ 5 volts 
+ 12 volts 
-12 volts 
POR 


GND 
PWR 
PWR 
PWR 
I/OB 


14,39 
3,4 
26 
37 
36 


Power Supply Return 
+ 5 volt supply 
+ 12 volt supply 
-12 volt supply 
Power-on-reset 



R144HD Hardware Circuits (Continued) 


Name | Type | Pin No. | Description 


B. MICROPROCESSOR INTERFACE: 


D7 


l/OA 


7-j 




D6 


l/OA 


5 




D5 


l/OA 


9 




D4 
D3 


l/OA 
l/OA 


31 

15 


Data Bus (8 Bits) 


D2 


l/OA 


28 




01 


l/OA 


23 




DO 


l/OA 


29 J 




RS3 


lA 


30 1 




RS2 


lA 


8 


Register Select (4 Bits) 


RSI 


lA 


27 


Select Reg. 0-F 


RSO 


lA 


10 J 




CSC 


lA 


6 


Chip Select Sample Rate Device 


CSI 


lA 


18 


Chip Select Baud Rate Device 


READ 


lA 


1 


Read Enable 


WRITE 


lA 


2 


Write Enable 


IRQ 


OB 


32 


Interrupt Request 


C. V.24 INTERFACE: | 


DCLK 


OC 


13 


Data Clock 


XCLK 


IB 


22 


External Clock for Group II 


RTS 


IB 


19 


Request-to-Send 


CTS 


OC 


17 


Clear-to-Send 


TXD 


IB 


20 


Transmitter Data 


RXD 


OC 


21 


Receiver Data 


RLSD 


OC 


16 


Received Line Signal Detector 


D. CABLE EQUALIZER: 


CABS1 


IB 


33 


Cable Select 1 


CABS2 


IB 


34 


Cable Select 2 
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R144HD Hardware Circuits (Continued) 



Name Type 


Pin No. 


Description 


E. ANALOG SIGNALS: 


TXA 
RXA 
AUXIN 


AA 
AB 
AC 


38 
40 
35 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 


F. DIAGNOSTIC: 


EYEX 
EYEY 
EYECLK 
EYESYNC 


DC 
OC 
OA 
OA 


24 
25 
11 
12 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 


Note: Unused inpu 
10K series 


ts tied to H 
resistors. 


h5V or ground require individual 



Eye Pattern Generation 

The four hardware diagnostic circuits, identified in the preced- 
ing table, allow the user to generate and display an eye pattern. 
Circuits EYEX and EYEY serially present eye pattern data for 
the horizontal and vertical display inputs respectively. The 8-bit 
data words are shifted out most significant bit first, clocked by 
the rising edge of the EYECLK output. The EYESYNC output 
is provided for word synchronization. The falling edge of EYE- 
SYNC may be used to transfer the 8-bit word from the shift 
register to a holding register. Digital to analog conversion can 
then be performed for driving the X and Y inputs of an oscil- 
loscope. 



Microprocessor Timing 



TCS-H 



CSi 

(i = 0.1) 



READ 



TCS-^ 



WRITE 



READ 



TDA-* 



WRITE 



Di 
(I = 0-7)- 



n 
t^ 



r^ 



l-^TCH TCS* 



♦-TCH TCS-* 



^J^ 



-•-TWR 



-•-TDH -► 



-TWOS 




h-TWDH 



Critical Timing Requirements 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




NS 


Data Access time after Read 


IDA 


— 


140 


NS 


Data hold time after Read 


TDH 


10 


50 


NS 


CSi, RSi hold time after 










Read or Write 


TCH 


10 


— 


NS 


Write data setup time 


TWOS 


75 


— 


NS 


Write data hold time 


TWDH 


10 


— 


NS 


Write strobe pulse width 


TWR 


75 


— 


NS 



Cable Equalizer Selection 

Cable Equalizer Selection 



CABS 2 


CABS1 


Length of 0.4mm Diameter Cable 





1 
1 




1 



1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Digital Interface Characteristics 

The digital interface characteristics are listed in the table on the 
following page. 

Analog Interface Characteristics 

Analog Interface Characteristics 




Name 


Type 


Characteristics 


TXA 
RXA 
AUXIN 


AA 
AB 
AC 


The Transmitter Analog output is a low 
impedance operational amplifier output. In 
order to match to 600 ohms, an external 
604 ohm series resistor is required. 

The Receiver Analog input impedance is 
46.4K ohms ± 23% or 23.2K ohms ± 23% 
for dynamic range of - 43 dBm to dBm 
or - 43 dBm to - 6 dBm, respectively. 

The Auxiliary Analog input allows access to 
the transmitter by user-provided equipment. 
Because this signal is a sampled data 
input, any signal above 4800 Hz will cause 
aliasing errors. The input impedance is 
IK ohms, and the gain to transmitter 
output is -0.4 dB ± 1 dB. If not used, 
this input should be grounded. 



IMicroprocessor Interface Timing Diagram 



SOFTWARE CIRCUITS 

The R144HD comprises three signal processor chips. Two of 
these chips contain 16 registers to which an external (host) micro- 
processor has access. Although these registers are within the 
modem, they may be addressed as part of the host processor's 
memory space. The host may read data out of or write data into 
these registers. The registers are referred to as interface memory. 
Register in chip update at the modem sample' rate (9600 bps). 
Registers in chip 1 update at the selected baud rate. 
When information in these registers is being discussed, the for- 
mat Y:Z:Q is used. The chip Is specified by Y(0 or 1), the register 
by Z(0-F), and the bit by Q(0-7, = LSB). A bit is considered 
to be "on" when set to a 1. 
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Digital Interface Characteristics 



Symbol 


Parameter 


Units 


Input/Output lype 


lA 


IB 


OA 


OB 


GO 


I/O A 


I/OB 


V,H 


Input Voltage, High 


V 


2.0 min. 


2.0 min. 








2.0 min. 


5.25 max. 
2.0 min. 


V,L 


Input Voltage, Low 


V 


0.8 max. • 


0.8 max. 








0.8 max. 


0.8 max. 


VOH 


Output Voltage, High 


V 






2.4 min.i 






2.4 min. i 


2.4 min.3 


Vol 


Output Voltage, Low 


V 






0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max.2 


0.4 max. 5 


l|N 


Input Current, Leakage 


/iA 


±2.5 max. 










± 12.5 max.4 




loH 


Output Current, High 


mA 






-0.1 max. 










•OL 


Output Current, Low 


mA 






1.6 max. 


1.6 max. 


1.6 max. 






II 


Output Current, Leakage 


i>A 








± 10 max. 








ipu 


Pull-up Current 
(Short Circuit) 


fiA 




- 240 max. 
-10 min. 






-240 max. 
-10 min. 




-260 max. 
-100 min. 


Cl 


Capacitive Load 


PF 


5 


6 








10 


40 


Cd 


Capacitive Drive 


PF 






100 


100 


100 


100 


100 




Circuit Type 




TTL 


TTL 
w/Pull-up 


TTL 


Open-Drain 


Open Drain 
w/Pull-up 


3 State 
Transceiver 


Open-Drain 
w/Pull-up 


Notes 


















1. 1 load 


= -100 /«A 




5. 1 load = 0.36 mA 










2. 1 load 


= 1.6 mA 
















3. 1 load 


= -40 /lA 
















4. V,N = 


0.4 to 2.4 Vdc, Vcc = 5.25 


Vdc 















Status/Control Bits 

The operation of the R144HD is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the interface memory via the host microprocessor bus. Modem 
operation is monitored by various software flags that are read 
from interface memory via the host microprocessor bus. All status 
and control bits are defined in the Interface Memory table. Bits 
designated by a ' — ' are reserved for modem use only and must 
not be changed by the host. 

NOTE: The host must wait a minimum of 1 /ts between succes- 
sive writes to interface memory. 

RAM Data Access 

The R144HD provides the user with access to much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 

The modem contains 128 words of random access memory 
(RAM). Each word is 32-bits wide. Because the modem Is 
optimized for performing complex arithmetic, the RAM words are 
frequently used for storing complex numbers. Therefore, each 
word Is organized Into a real part (16 bits) and an Imaginary part 
(16-blts) that can be accessed Independently. The portion of the 
word that normally holds the real value Is referred to as XRAM. 
The portion that normally holds the Imaginary value Is referred 
to as VRAM. The entire contents of XRAM and VRAM may be 
read by the host processor via the microprocessor Interface. 

The Interface memory acts as an intermediary during these host 
to signal processor RAM data exchanges. The RAM address to 
be read from or written to Is determined by the contents of register 
0:F (RAM ACCESS S) or 1:F (RAM ACCESS B). The R144HD 
RAM Access Codes table lists access codes for storage In 
registers 0:F or 1:F and the corresponding diagnostic functions. 
The R144HD Diagnostic Data Scaling table provides scaling 
information for these diagnostic functions. Each RAM word trans- 
ferred to the interface memory Is 32 bits long. 



These bits are written into interface memory registers 0:3, 0:2, 
0:1 and 0:0, or 1:3, 1:2, 1:1 and 1:0, In that order. Registers 3 and 
2 contain the most and least significant bytes of XRAM data, 
respectively, while registers 1 and contain the most and least 
significant bytes of VRAM data respectively. 

When set to a one, bit 0:5:5 (RAMWS) or bit 1:0:0 (RAMWB) 
causes the modem to suspend transfer of RAM data to the Inter- 
face memory, and Instead, to transfer data from Interface memory 
to RAM In chip or in chip 1, respectively. When writing Into 
the RAM, only 16 bits are transferred, not 32 bits as for a read 
operation. The 16 bits written In XRAM or VRAM come from 
registers 1 and 0, with register 1 being the most significant byte. 
Selection of XRAM or VRAM for the destination Is by means of 
the code stored In the RAM Access B bits of register 1:F for 
chip 1, or by means of 0:5:4 (RAE) for chip 0. When bit 1:F:7 or 
0:6:4 Is set to one, the XRAM Is selected. When 1:F:7 or 0:5:4 
equals zero, YRAM Is selected. 

When the host reads or writes register 0, the modem resets the 
modem data available bit, 0:E:0 or 1:E:0 (MDAi), to a zero. When 
the modem reads or writes register 0, the modem sets the MDAI 
bit to a one. If an Interrupt Enable bit, 0:E:2 or 1:E:2 (lEI), is set 
to a one by the host and the corresponding MDAI bit Is set, the 
IRQ output Is asserted and the associated Interrupt Active bit, 
1:E:7 or 0:E:7 (lAI), Is set to a one by the modem. 

NOTE: When writing to registers 1 and 0, the host must first write 
to register 1, then to register 0. 

The default access codes are 28 for 1:F and 00 for 0:F, which 
allows data in registers 1:3 and 1:1 to be presented serially on 
EYEX and EYEY, respectively. 

RAM Access Codes 

The RAM access codes defined In the following table allow the 
host processor to read diagnostic Information within the modem. 
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RAM Access Codes 



Ram Access Codes (Continued) 













Read 


No. 


Function 


Access 


RAE 


Chip 


Reg. No. 


1 


Received Signal Samples 


40 


X 





2,3 


2 


Demodulator Output 


52 


X 





0,1,2,3 


3 


Low Pass Filter Output 


54 


X 





0.1,2,3 


4 


Average Power 


5C 


X 





2,3 


5 


AGC Gain Word 


3E 


X 





2,3 


6 


Tone 1 Frequency 


71 


1 





2,3 


7 


Tone 1 Level 


72 


1 





2,3 


8 


Tone 2 Frequency 


71 








0,1 


9 


Tone 2 Level 


72 








0,1 


10 


Output Level 


7F 








0,1 


11 


Checksum, Chip 


3F 


X 





0,1 


12 


Checksum, Chip 1 


7F 




1 


0,1 


13 


Equalizer Input 


40 




1 


0,1,2,3 


14 


Equalizer Tap Coefficients 


02-27 




1 


0,1,2,3 


15 


Unrotated Equalizer Output 


74 




1 


0,1,2,3 













Read 


No. 


Function 


Access 


RAE 


Chip 


Reg. No. 


16 


Rotated Equalizer Output 
(Received Point— Eye Pattern) 


28 




1 


0,1,2,3 


17 


Decision Points (Ideal) 


68 






0,1.2,3 


18 


Error Vector 


69 






0,1,2,3 


19 


Rotation Angle 


00 






0,1 


20 


Frequency Correction 


AE 






2,3 


21 


EQM 


B1 






2.3 


22 


G2 Base Band Signal 


C8 






2,3 


23 


G2 AGC Gam Word 


AD 






2,3 


24 


G2 AGC Slew Rate 


AA 






2,3 


25 


G2 PLL Frequency Correction 


C2 






2,3 


26 


G2 PLL Slew Rate 


EF 






2,3 


27 


G2 BlackMhite Threshold 


6A 






0,1 


28 


G2 Phase Limit 


F1 






2,3 


RAE = X is don't care since this location should only be read 


from, and not written to, by the host. 



R144HD Interface 


IVIemory Chip (CSO) 




\^ Bit 
Register\ 


7 


6 


5 


4 


3 


2 


1 





F 


PDM 


RAM ACCESS S 


E 


lAO 


— 


— 


— 


SETUP 


lEO 


— 


MDAO 


D 


_ 


_ 


— 


— 


— 


— 


— 


— 


C 


— 


— 


— 


— 


— 




— 


— 


B 


— 


— 


— 


— 


— 




— 


— 


A 


— 


— 


— 


— 


— 


— 


— 


— 


9 


— 


_ 


— 


— 


— 


— 


_ 


— 


8 


— 


— 


— 


— 


— 


_ 


— 


— 


7 




— 


— 


— 


— 


— 


— 


— 


6 




— 


— 


— 


— 


— 


— 


— 


5 


RTS 


TDiS 


RAMWS 


RAE 


EPT 


SQEXT 


— 


V33S 


4 


CONFIGURATION 


3 


RAM DATA XSM; FREQM 


2 


RAM DATA XSL; FREQL 


1 


RAM DATA YSM 





RAM DATA YSL; TRANSCEIVER DATA 


Register/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Reserved (modem use only). 



R144HD Interface Memory Chip 1 (CS1) 



\. Bit 
Register\ 


7 


6 


5 


4 


3 


2 


1 





F 


RAM ACCESS B 


E 


IA1 


— 


— 


— 


— 


IE1 


— 


MDA1 


D 


— 


TLE 


RLE 


J3L 


— 


— 


FRT 


RAMWB 


C 


— 


— 


_ 


_ 


_ 


_ 


— 


G2FGC 


B 


FR3 


FR2 


FR1 


— 


_ 


— 


_ 


— 


A 


— 




_ 


— 


— 


— 


— 


— 


9 


— 




— 


— 


— 


— 


— 


— 


8 


— 


— 


— 




— 


_ 


— 


— 


7 


— 


PNDET 


— 




— 


— 


— 


CDET 


6 


— 


— 


— 


— 


— 


— 


_ 


— 


5 


_ 


FED 


— 


— 


— 


— 


— 


— 


4 


— 


— 


— 


— 


— 


P2DET 


— 


— 


3 


RAM DATA XBM 


2 


RAM DATA XBL 


1 


RAM DATA YBM 





RAM DATA YBL 


Registe/ 
/ Bit 


7 


6 


5 


4 


3 


2 


1 





— = Reserved (modem use only). 
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R144HD interface Memory Definitions 



ll/lnemonic 



Name 



IVIemory 
Location 



Description 



CDET 



(None) 



Carrier Detector 



Configuration 



1:7:0 



0:4:0-7 



The zero sta te of C DET indicates passband energy is being detected, and a training sequence is 
not present. CDET go es to ze ro at the end of a training sequence, and returns to one at the en d 
of the received signal. CDET will n ot go t o zero if the training sequence is not dete cted. C DET 
activates up to 1 baud time before RLSD and deactivates within 2 baud times after RLSD. 

The host processor configures the R144HD by writing a control code into the configuration 
register in the interface memory space. (See SETUP) 



Configuration Control Codes 

Control codes for the R144HD configurations are: 

Configuration 

V.33 144001 
V.33 12000 
TCM96 9600 
TCM72 7200 
V.33 14400 (1700 Hz)2 
V.33 12000 (1700 Hz)2 
TCIVI96 9600 (1700 Hz)2 
TCM72 7200 (1700 Hz)2 
V.29 9600 

7200 

4800 

4800 Long 

2400 Long 

4800 Short 

2400 Short 



Configuration Code (HEX) 

31 
32 
34 
38 
71 
72 
74 
78 
14 
12 
11 
OA 
09 
8A 
89 
20 
40 
80 
81 



V.29 

V.29 

V.27 

V.27 

V.27 

V.27 

FSK 

Group 2 

Single Tone Transmit 

Dual Tone 

1 Default at POR. 

2 The 1700 Hz carrier frequency is non-standard. 

Configuration Definitions 

1. V.33. When a V.33 configuration has been selected, the modem operates as specified in 
CCITT Recommendation V.33. 

2. TCM96 and TCM72. When configuration TCM96 or TCM72 is selected, the training sequence 
is defined by V.33 and the modulation trellis coded is defined by V.32 (32 or 16 point 
constellation). 

3. V.29. When a V.29 configuration has been selected, the modem operates as specified in CCITT 
Recommendation V.29. 

4. V.27. When a V.27 configuration has been selected, the modem operates as specified in CCITT 
Recommendation V.27 ten 

5. FSK. The modem operates as a CCITT T.30 compatible 300 bps FSK modem having 
characteristics of the CCITT V.21 channel 2 modulation system. 

6. Group 2. The modem operates as a CCITT T.3 compatible AM modem; This permits trans- 
mission to and reception from Group 2 facsimile apparatus. A carrier frequency of 2100 Hz is 
used. A black signal is transmitted as no carrier. The phase of the carrier representing white is 
reversed after each transition through black. 

When in the receive state, the R144HD recovers the carrier of the remote transmitting modem 
to perform a coherent demodulation of the incoming signal. This allows a baseband of 3400 Hz 
to be recovered. The recovered baseband signal is available on the microprocessor bus. 

The baseband signal is converted to black or white by comparing the received signal level with 
a preset threshold number This number may be changed by the user. 
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R144HD interface Memory Definitions (Continued) 



Mnemonic 



Name 



{Memory 
Location 



Description 



FED 



(None) 



Echo Protector 
Tone 



Fast Energy 
Detector 

FREQL/FREQM 



0:5:3 



1-5:6 



0:2:0-7, 
0:3:0-7 



FRT 
FR1-FR3 



Freeze Taps 
Frequency 1,2,3 



1D-1 
1B-5,6,7 



G2FGC 



IA1 



lAO 



Group 2 Fast 
Gain Control 

Interrupt Active 
(One) 

Interrupt Active 
(Zero) 



1:C:0 



1:E:7 



0E.7 



Receiver data is presented to the RXD output at a rate of 10368 samples per second. The user 
should strobe the data on the rising edge of the data clock (DCLK). A logical 1 level (high 
voltage) represents white. A logical level (low voltage) represents black. 

7. Single Tone Transmit. In this configuration, activating signal RTS causes the modem to transmit 
a tone at a smgle frequency specified by the user. Two registers in the host interface memory 
space contain the frequency code. The most significant bits are specified in the FREQM 
register (0:3). The least significant bits are specified in the FREQL register (0:2). The least 
significant bit represents 0.146486 Hz ±0.01%. The frequency generated is: f = 0.146486 
(256 FREQM + FREQL) Hz ±0.01%. 

8 Dual Tone Transmit. In this configuration, activating RTS causes the modem to transmit two 
tones at frequencies and output levels specified by the user. By using the RAM Data Access 
routines, the user can program the tones and levels. 

If EPT is a one, an unmodulated carrier is transmitted for 185 ms followed by 20 ms of no 
transmitted energy at the beginning of the training sequence. This option is available in V.33, 
V.29, and V.27 configurations, although it is not specified in the CCITT V.33 or V.29 
recommendations. 

The zero state of FED indicates energy is present above the receiver threshold in the passband. 
FED is not used for Group 2 Facsimile. 

The host processor conveys single tone generation data to the transmitter by writing a 16-bit data 
word to the FREQL and FREQM registers in the interface memory space, as shown below. 

FflEOM Register (0:3) 



Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


215 


214 


213 


212 


211 


210 


29 


28 


?EOL Register (0:2) 


Bit: 


7 


6 


5 


4 


3 


2 


1 





Data Word: 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as follows: 
F = (0146486) (N) Hz ±0.01%. 

Hexadecimal frequency numbers (FREQM, FREQL) for commonly generated tones are given below: 

Frequency (Hz) FREQM FREQL 

462 
1100 
1650 
1850 
2100 

When FRT is a one, adaptive equalization taps are prevented from changing while in data mode. 

The one state of FR1, FR2 or FR3 indicates reception of the respective tonal frequency when the 
modem is configured for FSK. The default frequencies for FR1 , FR2 and FR3 are: 



oc 


52 


ID 


55 


2C 


00 


31 


55 


38 


00 



Bit 


Frequency (Hz) 


FR1 


2100 


FR2 


1100 


FR3 


462 



The one state of G2FGC selects a fast AGC rate (8.6 times standard) in Group 2 Facsimile. 



IA1 is a one when Chip 1 is driving IRQ to zero volts. 



lAO is a one when Chip is driving IRQ to zero volts. 
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R144HD interface Memory Definitions (Continued) 



Mnemonic 


Name 


IMemory 
Location 


Description 


lEO 


Interrupt Enable 
(Zero) 


0:E:2 


The one state of lEO causes the IRQ output to be low when the MDAO bit is a one. 


IE1 


Interrupt Enable 
(One) 


1:E:2 


The one state of IE1 causes the IRQ output to be low when the MDA1 bit is a one. 


J3L 


Japanese 3 Link 


1:D:4 


The one state of J3L selects this standard for link amplitude equalizer. The zero state of J3L 
selects U.S. survey long. 


MDAO 


Modem Data 
Available (Zero) 


0:E:0 


MDAO goes to one when the modem reads or writes register 0:0. MDAO goes to zero when the 
host processor reads or writes register 0:0. MDAO is used for parallel mode as well as for diag- 
nostic data retrieval. 


MDA1 


Modem Data 
Available (One) 


1:E:0 


MDA1 goes to one when the modem writes register 1:0. MDA1 goes to zero when the host 
processor reads register 1:0. 


PDM 


Parallel Data 
Mode 

Period 'N' 
Detector 

Period '2' 
Detector 


0:F:7 
1:7:6 

1:4:2 


The one state of PDM places the modem in the parallel mode and inhibits the reading of Chip 
diagnostic data. 


PNDET 


The zero state of PNDET indicates a PN sequence has been detected. PNDET sets to a one at the 
end of the PN sequence, except for V.33, TCM96 and TCM72. PNDET sets to a one at the end of 
the rate sequence (PR) in these modes. 


P2DET 


The zero state of P2DET indicates a P2 sequence has been detected. P2DET sets to a one at the 
start of the PN sequence. 


(None) 


RAM Access B 


1:F:0-7 


Contains the RAM access code used in reading or writing RAM locations in Chip 1 (baud rate 
device). 


(None) 


RAM Access S 


0:F:0-6 


Contains the RAM access code used in reading RAM locations in Chip (sample rate device). 


(None) 


RAM Data XBL 


1:2:0-7 


Least significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 


(None) 


RAM Data XBM 


1:3:0-7 


Most significant byte of 16-bit word x used in reading RAM locations in Chip 1 (baud rate device). 


(None) 


RAM Data XSL 


0:2:0-7 


Least significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device). 


(None) 


RAM Data XSM 


0:3:0-7 


Most significant byte of 16-bit word x used in reading RAM locations in Chip (sample rate 
device). 


(None) 


RAM Data YBL 


1:0:0-7 


Least significant byte of 16-bit word y used in reading or writing RAM locations in Chip 1 (baud 
rate device). See MDA1. 


(None) 


RAM Data YBM 


1:1:0-7 


Most significant byte of 16-bit word y used in reading or writing RAM locations in Chip 1 (baud 
rate device). 


(None) 


RAM Data YSL 


0:0:0-7 


Least significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device). Shared by parallel data mode for presenting channel data to the host microprocessor 
bus. See Transceiver Data and MDAO. 


(None) 


RAM Data YSM 


0:1:0-7 


Most significant byte of 16-bit word y used in reading RAM locations in Chip (sample rate 
device). 


RAE 


RAM Address 
Extension 


0:5:4 


This bit is an extension of RAM Access S when RAMWS is a one. When RAE is a one, the 
XRAM in Chip is selected for a RAM write operate, and when a zero the YRAM is selected. 


RAMWB 


RAM Write Chip 1 
(baud rate 
device) 


1:D:0 


RAMWB is set to a one by the host processor when performing diagnostic writes to the baud rate 
device (Chip 1). RAMWB is set to a zero by the host when reading RAM diagnostic data from 
Chip 1. 


RAMWS 


RAM Write Chip 
(sample rate 
device) 


0:5:5 


RAMWS is set to a one by the host processor when performing diagnostic writes to the sample 
rate device (Chip 0). RAMWS is set to a zero by the host when reading RAM diagnostic data from 
Chip 0. 


RLE 


Receiver Link 
Equalizer 


1:D:5 


The one state of RLE enables the link amplitude equalizer in the receiver. 


RTS 


Request-to-Send 


0:5:7 


The one state of RTS begins a transmit sequence. The modem will continue to transmit until RTS 
is turned off, and the turn-off sequence has been completed. RTS parallels the operation of the 
hardware RTS control input. These inputs are "ORed" by the modem. 
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R144HD Interface Memory Definitions (Continued) 



Mnemonic 



Name 



IMemory 
l_ocation 



Description 



SETUP 



Setup 



0:E:3 



SQEXT 
TDIS 



TLE 
V33S 



(None) 



Squelch Extend 
Training Disable 



Transmitter Link 
Equalizer 

V.33 Short Train 



Transceiver Data 



0:5:2 
0:5:6 



1:D:6 



0:5:0 



0:0:0-7 



The one state of SETUP causes the modem to reconfigure to the control word in the configuration 
register, and to assume the options specified for the equalizer (0:5:1). SETUP returns to zero 
when acted on by the modem. The time required for the SETUP bit to cause a change depends 
on the current state of the modem. The following table lists worst case delays. 



Current 
State 


V.21 


Gil 


High Speed 
Receiver 


High Speed Transmitter 


DELAY 


14 ms 


400 MS 


2 BAUD 


2 BAUD + TURNOFF Sequence + Training (if 
applicable) + SQUELCH (if applicable) 



The one state of SQEXT inhibits reception of signals for 130 ms after the turn-off sequence. 

If TDIS is a one in the rece ive state, the modem is prevented from entering the training phase. If 
TDIS is a one prior to RTS going on, the generation of a training sequence is prevented at the 
start of transmission. 

The one state of TLE enables the link amplitude equalizer in the transmitter. 

Setting this bit allows the modem to retrain in 142.5 ms if the modem has previously trained in 
the V.33, TCM96, or TCM72 long train configurations. This bit must be reset before changing 
configurations, unless the new configuration is V.33, TCM96, TCM72 or FSK. 

Once the modem has long trained in V.33, TCM96 or TCM72, it can short train in any of these 
configurations. Short train is also possible if the modem long trains, reconfigures to FSK with the 
short train bit set, and then reconfigures again to V.33, TCM96, or TCM72. 

in receive parallel data mode, the modem presents eight bits of channel data in register 0:0 for 
reading by the host microprocessor. After the eight bits have been accumulated in register 0:C 
they are transferred to 0:0 and bit 0:E:0 goes to a one. When the host reads 0:0, bit 0:E:0 resets 
to a zero. The first bit of received data is not necessarily located in bit 0:0:0. The host must frame 
the received data by searching for message sync characters. Bit 0:E:0 sets at one eighth the bit 
rate in parallel data mode rather than at the sample rate (9600 Hz) as it does when reading RAM 
locations. 

in transmit parallel data mode the host stores data at location 0:0. This action causes bit 0:E:0 
(MDAO) to reset to a 0. When the modem transfers the data from 0:0 to 0:2 bit 0:E:0 sets to a 1. 
The data is serially transmitted from register 0:2 least significant bit first. Received data is shifted 
into register 0:C from MSB toward LSB. 




POWER-ON INITIALIZATION 

When power is applied to the modenfi, a period of 50 to 350 ms 
i s req uired for power supply settling. The power-on-reset signal 
(POR) remains low during this perio d. Approximately 10 ms after 
the low to high tran sition of POR, the modem is ready to be 
configured, and RTS may be activated. If the 5 Vdc power supply 
drops below 3.5 Vdc for more than 30 msec, the POR cycle is 
repeated. 



At POR time the modem defaults to the following configura- 
tion: V.33/14400 bps, serial mode, training enabled, no echo pro- 
tector tone on, no extended squelch, interrupts disabled, no link 
equalizer, RAM Access B code 28. 



POR can be connected to a user supplied power-on-reset signal 
in a wire-or c onfigu ration. A low active pulse of 3 ^isec or longer 
applied to the POR pin causes the modem to reset. The modem 
is ready to be config ured 10 msec after the low active pulse Is 
removed from POR. 
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PERFORMANCE 

The Bit Error Rate (BER) performance of the modem is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.66. Bit error rates are measured at a 
received line signal level of - 20 dBm, except for TCM72; V.29, 



4800; and V.27, which are measured at a received line signal 
level of -30 dBm. 



The BER curves shown below were prepared from data obtained 
using a TAS 1000 communication test system. 
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GENERAL SPECIFICATIONS 







Power 




Voltage 


Tolerance 


Current (Typical) @ 25'»C 


Current (Max) @ O^'C 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 
±5% 


750 mA 

5 mA 

30 mA 


800 mA 
10 mA 
50 mA 


Note: All voltages must have ripple <0.1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature 
Operating 
Storage 

Relative Humidity 


0°C to +70°C (32° F to 158°F) 

-40«C to +80°C (-40°F to 176°F) (Stored in heat sealed antistatic bag and shipping 

container) 

Up to 90% noncondensing, or a wet bulb temperature up to SS'^C, whichever is less. 



Mechanical 



Parameter 


Specification 


Board Structure 

Dimensions 

Width 

Length 

Component Height (max) 

Connector Height 
Weight (max) 


Single PC board with single right angle header with 40 pins. Hirose HIF3F-40PA-2 5DS 
(male) or HIF3HA-40DA-2.54DSA (female), or equivalent mating connector. 

3.937 in. (100 mm) 

3.228 in. (82 mm) 

0.300 in. (7.62 mm) above, 0.130 in. (3.3 mm) below 

0.400 in. (10.16 mm) 

3.6 oz. (100 g) 



0.156 ±0.003 (5 PL) 
(3.96) 



3.937 
(100) 

3.675 
(93.3) 



2.975 ^ 



0.675 



(75.6) 



(17.15) 



0.637 

(16.18) J 



2.300 




(58.4) 



3.228 



(82) 



NOTE: MALE CONNECTOR 

PIN NUMBERS SHOWN 



0.125 



(3.18) 



I 



0.300 
(7.62) 



UNITS 



INCHES 



MAX 



-COMPONENT 
AREA 



I 



E 



0.062 
(1.6) 



0.130 T 
(3.3) 



0.400 
(10.16) 



MAX 



R144HD Dimensions and Pin Locations 
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DIGITAL NETWORKS 

T-1/ISDN SOLUTIONS 

Rockwell's expanding line of digital network products provide a solid foundation for integrating voice and 
data. These products are the system building blocks for central office, customer premises and local area 
networks equipment. Applications for Rockwell's digital devices include channel banks, multiplexers, 
PBX, host computers, front-end processors and LANS gateways/bridges. 

Rockwell offers systems designers of OEM equipment a total solution for the Physical and lower half of 
the Link Layer of the ISO/ISDN model. This "plug-in" solution allows OEM manufacturers the opportunity 
and the affordability to be in the T-1/ISDN market. In addition, these devices offer a high level of integra- 
tion to help designers build a T-1 interface rapidly with considerable space and component savings, 
coupled with higher performance design and throughput. 

The R8069 Line Interface Unit (LIU) features programmable line equalization, clock recovery for slave 
operation and meets AT&T Pub. 6241 1 specifications. The R8070 T-1/PCM-30 Transceiver offers TX and 
RX functions in a single chip and meets GEPT PCM-30, T-1 D4 and ESF formats with or without clear 
channel. In addition, the R8070 has B8ZS and HDB3 on-board. The R8071 supports ISDN and DMI data 
modes, ISDN signalling, has on-board buffer memory management and provides 32 full-duplex channels 
with HDLC formatting. 

Future high speed digital network devices include the R8075 which adds the CRC-4 error checking 
capability that is required by CCITTfor PCM-30. The RT9170 is an advanced T-1 transceiver with 
microprocessor interface and facility data link capabilities. These devices are a part of Rockwell's ongoing 
commitment to digital connectivity and ISDN. 

Substantial support is provided to demonstrate the use of these highly integrated devices. Evaluation 
boards are available for the R8069, R8070 and R8071 . These boards are a platform to show the perfor- 
mance, capabilities and functionality of the devices either singly or together to Implement a high speed 
digital interface. 

Rockwell's series of communication controllers provide fast execution speed and may interface with a 
variety of 68000 I/O and memory devices. The R68C560/61 Multi-Protocol Communications Controller 
(MPCC) operates up to 4 Mbits/sec and supports all major communications protocols. It Is available to 
work with either a 16-bit or 8-bit bus and can be adapted to function with essentially any of today's more 
common busses. 

The R68C552 Dual Asynchronous Interface Adapter (DACIA) provides an easily implemented, 
programmed controlled interface between 16-bit microprocessor-based systems and serial communica- 
tions data sets and modems. 

The R68802 Local Area Network Controller (LNET) is a universal CSMA/CD controller which is designed 
to support a variety of local network designs. The device can interface data terminal equipment to local 
networks with differing performance requirements. 
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INTRODUCTION 

The combination of single chip microcomputers and standard 
modems mal<es possible the implementation of sophisticated and 
flexible telecommunications systems. The intelligent modem has 
become the standard for personal microcomputers and provides 
access to many outside resources over standard telephone lines. 

This application note describes the hardware and software design 
of a 300/1200/2400 bit-per-second (bps) modem based on the 
Rockwell R2424 single board modem and the R6500/11 single- 
chip microcomputer. The system design minimizes the number 
of devices used and provides the user adequate room for special 
features. The software implements the industry standard "AT" 
command set so that compatibility with commercial software 
packages is provided. This particular design is that of a stand- 
alone "Box Modem" but only minimal changes are needed in 
the configuration for a personal computer bus compatible 
modem. 

HARDWARE DESIGN 

The hardware used in this design (see the schematic in Figure 1) 
consists of an R6500/11 microcomputer (Z1), an R2424DC 
modem module (Z3), and a 16L8 type PAL (Z2). A complete parts 
list is tabulated in Table 1 . 

The R6500/1 1 controls the system and implements the high level 
command protocol. It has an internal UART which provides com- 
munications between the host computer and the modem. The 
R2424DC module is addressed as a peripheral on the abbre- 
viated bus of the R6500/1 1 . All modem configuration, dial, status, 
and commands are transmitted over the data bus. The serial 
interface to the R2424DC carries only the data transmitted or 
received over the telephone line. 



Table 1 


. R6500/11- 


-R2424 Intelligent Modem Parts List 


Itenn 


Part 


Qty 


Description 


1 


P1 




RS-232C Connector, Female, DB-25 


2 


R1 




4.7K Resistor, 5% 


3 


R2 




3K Resistor, 5% 


4 


R3 




3K Resistor, 5% 


5 


Y1 




1.8432 MHz Crystal 


6 


Z1 




R6500/1 1 Single-chip Microcomputer 


7 


Z2 




PAL 16L8 


8 


Z3 




R2424DC Modem Board 


9 


Z4 




MCI 488 


10 


Z5 




MCI 488 


11 


Z6 




MCI 489 



The PAL* generates the proper bus control signals needed to 
interface the R2424DC to the R6500/1 1 's bus. It also allows the 
R6500/1 1 to switch the serial data between the host and the line 
to accommodate the command and on-line modes. The 1488's 
(Z4, Z5) and the 1489 (Z6) provide a standard RS-232-C inter- 
face for the host computer. These devices would not be 
necessary in the design of a plug-in personal computer modem. 
Figure 2 shows the logic equivalent of the 1 6L8 PAL and Figure 3 
shows the PALASM equations used to program the PAL. 

SOFTWARE DESIGN 

The Functional State diagram for the software is shown in 
Figure 4. An assembly listing of the program is included at the 
end of this application note. Notes are liberally included in the 
listing to assist the understanding of program operation. (Fig- 
ure 7). 

Note: In the discussion of the software and operation of this 
design, it is assumed the reader knows and understands the 
common "AT" commands. If not, refer to any of a number of 
source materials devoted to this subject. 

There are five main sections to this program. In order of occur- 
rance in the listing, they are: 

Part 1 : Baud rate and protocol determination ($F800-$F998) 
Part 2: Reading in the command string ($F999-$F9E8) 

Part 3: Processing the command string ($F9E9-$FA1 B) 

Part 4: Command definitions ($FB1E-$FEBA) 

Part 5: Interrupt Service Routine ($FF57-$FF79) 

Most of the software operates in the Command Mode, respond- 
ing to inputs from the host system. The Command Mode section 
includes Parts 1-5, with the exception of the <CR> (Carriage 
Return) command in Part 4. The remaining sections of Figure 4 
lie within the definition of the <CR> command. Figure 5 shows 
the flow chart of the Command Mode section. 

After initialization, the software loops in Part 1, waiting for an 
attention code ("AT" or "A/") or for the phone to ring. Any 
system designed to run the "AT" command set must be able 
to operate at either 300 or 1200 (or, in this case, 2400) baud, 
using 7 or 8 bits per word, with even, odd or no parity, switching 
from one mode to another automatically. The method used to 
do this is outlined on page 0004 of the software listing. Fig- 
ure 7. Figure 6 diagrams the bit patterns of the characters "A", 
"T" and "/" and shows how the relationship of bits 8 and 9 of 
each character determine the characteristics of the serial 
protocol. 

*PAL and PALASM are registered tradernarks of Monolithic Memories, Inc. 
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In Part 2 the serial communications protocol as been established. 
ASCII command characters are read in one at a time and stored 
in a buffer (INBUFF), excepting < SPACE > and non-<CR> 
control characters, until a <CR> character is entered. Should 
more than 40 characters be received, a flag (BUFFLG) is set, 
indicating an error condition. 

When the program recognizes a <CR> character it stops 
accepting commands and goes directly to command execution 
(Part 3). It processes each command in sequence until an "A", 
"O", "Z" or <CR> command. "A" and "O" forces an attempt 
to go on-line (examine RSLD/ for carrier signal and go on-line 
if present, otherwise it will go back to Command Mode.) "Z" 
performs a soft reset and returns to Command Mode. <CR> 
is the usual end to each command string. This is where error 
conditions are reported, on-line data are handled, and a return 
to Command Mode from Data Mode is made upon recognition 
of a valid escape code sequence. 

This intelligent modem will recognize that it is being called only 
while it is waiting for an attention code (at label L1). If the PAO 
flag goes high at this point, indicating the phone is "ringing", 
the program branches to RING then jumps to RINGNG, where 
a determination is made whether to answer the phone or not. 
If not ringing, it goes back to waiting for "AT" or "A/". If it is 
ringing, it then bypasses Part 2 and Part 3 and attempts to go 
to the Data Mode (depending on presence of a carrier signal) 
by executing the "A" (Answer) command. 

When this modem is called, an assumption is made as to the 
proper baud rate and serial protocol, that the values determined 
by the most recent attention code are still valid. Should a call 
be received before the first attention code was entered, it defaults 
to 1200 baud, 8 bits, no parity. The call is not answered in this 
case, since SO was not set to a non-zero value, however, the 
"RING" message is sent out to the host system at this rate. 

Part 4 comprises the coding of each "AT" command. All but 
AAA, 000, ZZZ and CR end in an RTS instruction, returning 
control back to the command string processor at NXTCMD. AAA 
and 000 transfer control directly to CR in an attempt to go on- 
line. CR always returns to Part 1 of the program, and ZZZ always 
jumps to the Power-On-Reset address at RESET. 

Part 5 is divided into two parts: signal processing and delay 
timing (execution of one or the other Is determined by the value 
of the INTFLG flag). The signal processing takes place while 
waiting for an attention code, echoing (if enabled) the Incoming 
bits back to the host system, and is described on page 0004 
of Figure 7. Delay timing is selected just before Part 2 (or if a 
call is answered). The delay routine is designed to allow a 
variable number of precise time delays, where the actual time 
interval is determined by the routine needing the delay. For 
example, the "," (comma) command tells the modem to do 
nothing for S8 number of seconds, so one time interval would 
be 1 second. The Carrier Detect Response time interval Is 1/10 
second and the Escape Code Guard time interval is 20 ms, each 
requiring different values for CNTR-B and DELAYT. 



General notes on the software: 

Liberal use was made of the available RAM for 1-bit flags and 
variables, primarily because no premium is placed on RAM 
space in this design. These could be compressed into byte-sized 
entities should more space be required. 

No attempt was made to provide status information via the SI 3, 
SI 4, SI 5 or SI 7 pseudo-registers. These could be added If 
necessary. 

The S10 (Loss of Carrier) and S1 1 (Touch-Tone) delay times are 
limited to 400 ms and 70 ms, respectively, due to the design 
of the R2424 Modem. 

The "H2" command does nothing additional to the "HI " com- 
mand since the R2424 Modem does not have an auxiliary relay. 

This program Implements the concepts of modularity and struc- 
tured programming as much as was practical for assembly-level 
code. This allows easy customization and tailoring for a particular 
application. There are deviations from this guideline, however, 
so modifications should be made with this in mind. 

Expansion might include detection of Dial tone. Ringing and 
Busy signals using the TONE bit of RCV8. For example, if a Busy 
signal is detected, the program could automatically re-dial after 
a suitable delay time. 

Unlike some commercial intelligent modems, no default switches 
or status LEDs were Implemented in this design, nor was an 
actual speaker circuit included (though a control line for one, 
SPKR-ON/, is provided) In the interests of simplicity. 

Finally, this design has not been thoroughly tested to meet the 
"AT" specifications. This application note is presented only as 
a guide on how to control a R2424 Modem with a R6500/1 1 
single-chip microcomputer. 

SERIAL INTERFACE 

The modem system supports the following data rates and 
asynchronous serial protocols: 

Baud: 300, 1200 or 2400 

No. of data bits: 7 or 8 

No. of stop bits: 1 or 2 

Parity: Odd, even or none 

The baud rate is determined by the width of the start bit. 

The number of data bits, the number of stop bits and parity type 
are determined by examining bit 8 and, sometimes, bit 9 in two 
consecutive data words comprising an "AT" or "A/" command. 
Figure 6 shows the serial stream waveforms for the "AT" or "A/" 
commands along with the message bits positions. Table 2 lists 
the six selectable protocol configurations. 
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Figure 1. R6500/11-R2424 Intelligent Modem Schematic 
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Figure 2. Logic for 16L8 PAL (Z2) 
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PAL16L8 






l\/IODEM 






l\/IODEM CONTROL CIRCUIT 


JW HANCE 






P2 EMS RW A12 A13 TXD RXDM CTL TXDH GND NC 


/CS1 RXDH TXDM READ /CSO /WRITE NC NC VCC 


IF (VCC) WRITE 


= P2 * 


/EMS * /RW 


IF (VCC) /READ 


= /P2 + EMS + /RW 


IF (VCC) CSO = 


/EMS * 


A12 * /A13 


IF(VCC)CS1 = 


/EMS * 


/A12 * A13 


IF (VCC) /RXDH 


= /TXD 


* CTL + /TXD * /RXDM + /CTL * /RXDM 


IF (VCC) /TXDM 


= /CTL 


* /TXDH 


*END* 







Figure 3. PAL16L8 (Z2) PALASM Equations 
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Figure 4. Modem Software Functional State Diagram 
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Figure 5. Command Mode Flowchart 
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Figure 5. Command Mode Flowchart (Continued) 
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DETERMINE NO. OF 
BITS/WORD, 
ODD/EVEN/NO PARITY 



SET R6500/11 SERIAL PORT 



DETERMINE 300/1200/2400 
BAUD RATE 



SET R2424 FOR BAUD RATE 
AND WORD LENGTH 



SWITCH ISR FROM BIT ECHO 
TO TIME DELAY 




A/" ENTERED 



'AT" ENTERED 



SET BUFFER INDEX = 



^ 



RECEIVE (NEXT) 
SERIAL CHARACTER 




<D 



Figure 5. Command Mode Flowchart (Continued) 
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SEND OUT A <SP> 
TO OVERWRITE 
CHAR ON DISPLAY 



BACK UP BUFFER INDEX 




PUT CHAR IN BUFFER 




INCREMENT BUFFER INDEX 




SET ERROR FLAG 
(STC0DE = 4) 



DECREMENT INDEX 



CHANGE CHAR TO <BS> 




ERROR 



SET ERROR CODE 
(STC0Dff=4) 




6 



Figure 5. Command Mode Flowchart (Continued) 
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SET BUFFER INDEX = 






\ 




^ NXTCMD ^ 




i 






FETCH (NEXT) CHAR FROM 
BUFFER AND COMPARE IT 
TO THE VALID COMMAND 
BYTES IN CMDTBL 










rcH^s. 

JND > 

V 

f 




\ 


\ 




■ <^ FOl 

\ 




SET ERROR CODE 
(STC0DE = 4) 




PUT ADDRESS OF 
CORRESPONDING 
SUBROUTINE IN 
JUMP VECTOR 




' 


' 




^ JUMP TO ^"^^ 
<V,^_ "CR" _^ 




\ 






EXECUTE SUBROUTINE 















Figure 5. Command Mode Flowchart (Continued) 
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CHAR. 
A = 


BIT NO. 

CODE , 

41 (hex) 

DATA 


S 1 2 3 4 5 6 

T 

A 

R 

'n 

10 

n 


7 8 9 

1 — r -r -r T- T- - 

1 







T = 


54 (hex) 


1 r T ■ 

L. J. X 

1 

L.I-.X_L 



8 9 





10 10 




/ = 


2F(hex) 1 1 1 1 

11110 1 

NO PARITY-ALWAYS 2 STOP BITS 
1 




START 
BIT 


8 DATA BITS 


STOP 
BIT 


STOP 
BIT 






1 


8 9 






START 
BIT 


7 DATA BITS 


STOP 
BIT 


STOP 
BIT 








1 


WITH PARITY 










START 
BIT 




8 DATA BITS 


PARITY 
BIT 


STOP 
BIT 








1 










START 
BIT 


7 DATA BITS 


PARITY 
BIT 


STOP 
BIT 


STOP 
BIT 

















Figure 6. Serial Protocol Formats Data Length 
Table 2. Selectable Serial Protocol Configurations 



Command 
Word No. 


Command 

ASCII Char. 

(Bits 1-7) 


Command Word 
Bit 8 


Command Word 
Bit 9 




1 
2 


A 
Tor/ 


1 



— 


Odd parity, 7 data bits, 2 stop bits 


1 
2 


A 
Tor/ 




1 


~ 


Even parity, 7 data bits, 2 stop bits 


1 
2 


A 
Tor/ 


1 
1 


— 


No parity, 7 data bits, 2 stop bits 


1 
2 


A 
Tor/ 






1 



Odd parity, 8 data bits, 1 stop bit 


1 
2 


A 
Tor/ 







1 


Even parity, 8 data bits, 1 stop bit 


1 
2 


A 
Tor/ 






1 

1 


No parity, 8 data bits, 2 stop bits 



4-13 



Application Note 



R6500/11 • R2424 Inteliigent IModem Design 



0001 

0002 

0003 

0004 

OOOS 

0006 

0007 

0008 

0009 

0010 

0011 0000 

0012 

0013 0000 

0014 0001 
0015 

0016 0002 
0017 

0018 0011 

0019 0012 

0020 0014 

0021 0015 

0022 0016 

0023 0017 

0024 0017 

0025 0018 

0026 0019 

0027 OOIA 
0028 

0029 OOIB 

0030 OOIC 

0031 0010 

0032 OOIE 
0033 

0034 OOIF 
0035 

0036 0040 

0037 0041 

0038 0042 

0039 0043 

0040 0044 

0041 0045 

0042 0046 

0043 0047 

0044 0048 

0045 0049 

0046 004A 

0047 004B 

0048 004C 

0049 0074 

0050 0075 

0051 0076 

0052 0077 

0053 0078 

0054 0079 



PA6E.0001 

I THIS IS A PRQ6RAH FOR AN R6500/11 ACTINS AS AN INTERFACE 
I BETNEEN A HOST CDNPUTER NITH A SERIAL PORT AND AN R2424 
: NQOEH. IT IS DESI6NED TO RUN THE "AT" CONHAND SET. 



S8SS8SSSSSSSBBSSSSSSSSSS8SSSSSSSSSSSSSSSSXS8SSSSSSSSSSSSZ8S 





.OPT LLENM32 




.OPT IVB 




is$0000 


PA 


fsHl 


PB 


fsHl 




t«$ll 


IFR 


t«Hl 


lER 


fcf4>2 


NCR 


fsHl 


SCCR 


§8141 


SCSR 


f»Hl 


STDR 


fsHl 


SRDR 


STDR 


CNTACL t«>^l 


CNTAH 


§»H\ 


CNTAl 


i*t*l 




fsHl 


CNTBCL i»»*l 


CNTBHC t«Hl 


CNTBHL t-Hl 




i *$40 


DEFPRO t«Hl 


BAUD 


fstfl 


BDRATL f»Hl 


BDRATH is»l 


DELAYC •«§♦! 


DELAYT t«f*l 


DELAYS t«»+l 


TESTB 


faf+l 


ABIT8 


fsHl 


ABIT9 


IsHl 


TBIT8 


t«Hl 


TBIT9 


fsHl 


INBUFF t>H40 


REPFL6 i«Hl 


BUFFL6 i«»+l 


DILFL6 t«t*l 


REVFL6 fiM 


IRQFL6 §«§♦! 


ECH0F6 t*t^l 



RAN VARIABLES 

DEFAULT SERIAL PROTOCOL FOR AUTO-ANSNER CQKNUNICATIONS 
INDICATOR OF PRESENT TERNINAL BAUD RATE ( 3/12/24 ) 
LON PART OF BAUD RATE, AS DETERHINED BY CNTR-A 
HIGH PART HXF BAUD RATE 

IRQ COUNTER: COUNTS NUHBER OF TINES IRQ ROUTINE IS CALLED 
SET TO THE I OF TINES THE IRQ ROUTINE IS TO BE CALLED 
SET TO THE NUHBER OF SECONDS TO MAIT FOR 
CONTAINS THE 7 SAHPLE BITS FRON THE SERIAL-IN LINE 
NHEN THE 7 BITS CLOCKED INTO "TESTB" NATCH THE "A" CHAR, 

THE NEXT 2 BITS ARE CLOCKED IN AND STORED HERE. 
NHEN THE 7 SAHPLE BITS IN "TESTS" NATCH THE "T" CHAR, THE 
NEXT 2 BITS ARE STORED IN "TBITS" AND 'TBIT9". 
CONTAINS THE CONHAND STRIN6 AS ENTERED FRON THE HOST SYS. 
NHEN "A/" IS ENTERED AS CONHAND, THIS FLA6 IS SET. 
THIS FLA6 IS SET NHEN TOO NANY CONHAND CHARS ARE ENTERED 
IS SET TO INDICATE ANY F0LL0NIN6 NUHBERS ARE DIAL DIBITS 
NORHAL ($00) OR REVERSE (ISO) DIAL 
$00 »> IRQ IS SERIAL-IN TINER: $80 »> IRQ IS DELAY TINER 
$00 >»> DO NOT ECHO CONHAND CHARS: $80 ««> ECHO CHARS 



Figure 7. Software Assembly Listing 
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OOSS 007A 


DUPLEX MH 


0056 007B 


RSLTF6 t«f*l 


00S7 007C 


8PKRF6 MH 


0058 007D 


STCODE t-Hl 


0059 007E 


VCODE t«Hl 


0060 007F 


XCODE MH 


0061 0080 


mm MH 



\ ECHO CHARS MHILE IN DATA NODE (ON-LINE) s 0-NQ, f80«yES 

; 100 «>> SEND OUT RESULT PROHPTt 180 «>> DON'T SEND IT OUT. 

; USED TO CONTROL THE EXTERNAL SPEAKER 

) RESULT (STATUS) CODE ( 0-4,5 ) 

\ SEND RESULT PROHPT IN NUMERIC ( $00 ) OR VERBAL ( ISO ) FORK 

; ALLOW EXTENDED RESULT CODES ? ( $00 ' NO / $80 > YES ) 

{ -HAIT-FOR-CARRIER ?' FLA6 (0 > NO / $80 > YES ) 



PA8E 0002 



0062 0081 


NAITC 


fsHl 


0063 0082 


ESCCNT t«Hl 


0064 0083 


SSETFB i«t+l 


0065 0084 


SRE&P 


fsH2 


0066 






0067 






0068 






0069 0086 


SO 


fsHl 


0070 0087 


SI 


IsHl 


0071 0088 


S2 


fsf+1 


0072 0089 


S3 


ftsHl 


0073 008A 


84 


ft8»l 


0074 0088 


85 


t«Hl 


0075 008C 


86 


ftsHl 


0076 008D 


87 


fa|+l 


0077 008E 


S8 


fsHl 


0078 008F 


S9 


fs»l 


0079 0090 


810 


f«f+l 


0080 0091 


Sll 


fsf+1 


0081 0092 


812 


fsf*i 


0082 0093 


S13 


f»f+l 


0083 0094 


S14 


fsf+1 


0084 0095 


SIS 


faf+l 


0085 0096 


S16 


fsf+l 


0086 0097 


817 


fsf+1 


0087 






0088 0098 


NUn 


fsf+3 


0089 009B 


CHDVEC t»f +2 


0090 009D 


TEHP 


fsf+1 



; INDICATES "NAIT-FOR-CARRIER" TINE INTERVAL HAS ELAPSED 

; ESCAPE CODE COUNTER 

; INDICATES S-RE6 POINTER HAS BEEN SET TO SOME VALUE 

\ CONTAINS THE INDIRECT POINTER TO ONE OF THE S-RESISTERS 

; THE F0LL0NIN6 17 BYTES CONTAIN THE VALUES FOR THE S-REBISTERS 



; RIN6 TO ANSNER ON 

; COUNTS THE NUHBER OF RIN6S 

; ESCAPE CODE CHARACTER 

; CARRIAGE RETURN CHAR 

; LINE FEED CHAR 

$ BACKSPACE CHAR 

; NAIT-TIHE FOR DIAL TONE 

; NAIT-TIHE FOR CARRIER (AFTER DIALIN6 OR ANSHERINB ) 

; PAUSE-TIHE ( USED BY 'CONHA' CDHHAND ) 

; CARRIER-DETECT RESPONSE TINE 

I DELAY-TINE BETNEEN LOSS OF CARRIER AND "HANS UP" 

; DURATION AND SPACIN6 OF TOUCH TONES 

; ESCAPE CODE 6UARD-TIHE 

; UART STATUS REGISTER 

; OPTION REGISTER 

\ FLAG REGISTER 

; 1=ENTER SELF-TEST / O'STOP SELF-TEST 

; 6ENERAL SYSTEM STATUS 



; NORK AREA FOR ASCII-TO-HEX AND HEX-TD-ASCII CONVERSION 
; INDIRECT POINTER TO THE NEXT COHNAND TO BE EXECUTED 
; TEHPORARY STORAGE BYTE 












PAGE 0003 


0092 1000 


RCV 


8 


$1000 


; BASE ADDRESS FOR RECEIVER REGISTERS 


0093 










0094 009E 




fs 


RCV+2 




0095 1002 


RCV2 


fsf+6 






0096 1008 


RCVB 


fsf+i 






0097 1009 


RCV9 


fsf+J 






0098 lOOA 


RCVA 


fsf+1 






0099 1008 


RCVB 


fsf+i 






0100 lOOC 


RCVC 


fsf+1 






0101 lOOD 


RCVD 


fsf+1 






0102 lOOE 


RCVE 


fsf+1 
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0103 iOOF 


RCVF 


fsHl 




0104 








0105 2000 


XHT 


s$2000 


1 


0106 








0107 1010 




is 


XHT 


0108 2000 


XMTO 


tst+2 




0109 2002 


tm 


fst*6 




OHO 2008 


XHT8 


fsHl 




0111 2009 


X«T9 


»aHl 




0112 200A 


XHTA 


fsHl 




0113 200B 


XHTB 


fsf+1 




0114 200C 


XHTC 


fsHl 




0115 200D 


XHTD 


fsHl 




OIU 200E 


XMTE 


fsHi 




0117 200F 


XHTF 


fsHl 




0118 








0119 0010 


DLYHIB 


s 


110 


0120 E09C 


DLYTIH 


8 


$E09C 


0121 6760 


TENTHD 


S 


16760 


0122 0001 


ESCDLY 


S 


1 


0123 479C 


ESCTIH 


S 


I479C 


0124 








0125 OOBF 


BAUD3 


8 


lOOBF 


0126 002F 


BAUD12 


8 


I002F 


0127 0017 


BAUD24 


8 


$0017 


0128 








0129 0021 


NUHCHD 


8 


33 



$ BASE ADDRESS FOR THE TRANSMITTER REBISTERS 



5 DELAY-TIHE FACTOR 

\ i DLYTIH § DLYHIB % 920KHZ » 1 SEC. ) 

; ( TENTHD « DLYHIB % 920KHZ ' 1/10 SEC. ) 

; 1 COUNT FOR "ESCAPE" CODE 8UARD TIHE ( 20HS ) 

; CNTR-A VALUE FOR SERIAL-I/0 BAUD RATE OF 300 BAUD ( « 920KHz 
; VALUE FOR 1200 BAUD 
; VALUE FDR 2400 BAUD 

; NUHBER OF COHHANDS IN "CHDTBL" 



PA6E 0004 



0131 2010 




»»$F800 




0132 










0133 FBOO 


A2FF 


RESET LDX 


l$FF • 


; INITIALIZE THE R6500/11 


0134 F802 


9A 


TXS 






0135 F803 


D8 


CLD 






0136 F804 


78 


SEI 






0137 F805 


A9 AO 


LDA 


l$A0 


J SET UP NODE REBISTER FOR ABBRE' 


0138 F807 


85 14 


STA 


NCR 




0139 










0140 F809 


20 BE FA 


JSR 


INITSH 


$ INITIALIZE VARIABLES, ETC. 


0141 










0142 F80C 


87 01 


SHB 


0,PB 


J CTL » ( TRANSHIT TO HODEH ) 


0143 F80E 


17 01 


RHB 


l,PB 


; CTS/ « 


0144 F810 


27 01 


RHB 


2,PB 


J DTR/ s ( ACTIVE ) 


0145 F812 


D7 01 


SHB 


5,PB 


\ HISPEED " 1 ( HI6H SPEED ) 


0146 F814 


E7 01 


SHB 


6,PB 


\ DISABLE SPEAKER 


0147 
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0148 
0U9 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 

0176 F816 

0177 FBIB 

0178 F81A 

0179 FBIC 

0180 F81E 

0181 F820 

0182 F822 

0183 F824 

0184 F826 

0185 F828 

0186 F82A 

0187 F82C 

0188 F82E 

0189 F831 

0190 F833 

0191 F836 



; ff«fftft«HiiH»fHHHHf«f«««f«i«»fi«Hfi»*»«i«f«»«H»«Hiftf«»«f«H 



} 



A9 00 
85 15 
85 74 
85 48 
85 49 
85 4A 
85 4B 
85 47 
85 76 
85 80 
85 75 
85 7D 
AD OD 10 
09 04 
8D OD 10 
20 D7 FD 



FIRST CHARS ACROSS SHOULD BE "AT" OR ""A/". ASSUME AN "A" 
IS THE FIRST CHAR: BY TIHINS THE DURATION OF THE FIRST LON 
PULSE (START BIT), THE BAUD RATE IS DETERNINED. USIN6 THIS AS 
THE NIDTH OF ONE BIT, 7 SAMPLES ARE HADE OF THE SERIAL INPUT LINE 
AT ONE-BIT INTERVALS, NITH EACH "BIT" SHIFTED INTO A TEST BUFFER 
( "TESTS" ). AFTER 7 SAMPLES, THE TEST BUFFER IS RI6HT-JUSTIFIED 
(SHIFTED RI6HT ONE MORE TIME) AND COMPARED TO THE ASCII "A" CHAR. 
IF A MATCH IS NOT MADE, «E NAIT 2 MORE "BITS", TIME THE NEXT LON PULSE 

AND CLOCK IN 7 MORE BITS. 
IF A MATCH IS FOUND, AN "A" CHAR IS ASSUMED TO HAVE BEEN READ IN 
AND THE NEXT TNQ BITS ARE SAVED FOR FUTURE DETERMINATION OF 
TRANSMISSION PROTOCOL (PARITY, BITS/CHAR). THE NEXT CHAR IS 
CLOCKED IN AND COMPARED TO "T" AND "/". IF A MATCH IS FOUND THEN 
THE PROTOCOL IS DETERMINED AND THE COMMAND BYTES FOR THE MODEM 
( IF ANY ) ARE READ IN AND PROCESSED. 

IF A MATCH IS NOT FOUND FOR "AT" OR "A/" THEN HE START OVER A6AIM 
L00KIN6 FOR AN "A" CHAR. 

MEANNHILE, IF CHARACTER ECH0IN6 HAS BEEN ENABLED ( AND BY DEFAULT 
IT IS ), TIMER B IS BENERATINB INTERRUPTS AT A FREQUENCY SLI6HTLY 
GREATER THAN TNICE THE 2400 BAUD ( MAXIMUM ALLOWABLE BAUD RATE ) FREfiUENCY. 
THE INTERRUPT ROUTINE SAMPLES THE LEVEL OF THE SERIAL INPUT LINE AND SETS 
THE SERIAL OUTPUT LINE TO MATCH. THIS HAS THE EFFECT OF BLINDLY ECHOING 
INC0MIN6 CHARACTERS BACK TO THE HOST COMPUTER. THIS MILL BE DONE UNTIL 
"AT" OR "A/" HAS BEEN RECOBNIZED, AT WHICH POINT THE IRQ IS DISABLED 
AND CHARACTERS ARE ECHOED BACK AS CHARACTERS, NOT AS BITS. 



RESTRT LDA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA 
LDA 
ORA 
STA 
;iSR 



too 

SCCR 

REPFL6 

ABIT8 

ABIT9 

TBIT8 

TBIT9 

TESTS 

DILFL6 

MAITF6 

BUFFL6 

STCODE 

RCVD 

1104 

RCVD 

NENCR 



; DISABLE RECEIVER AND TRANSMITTER 
\ CLEAR OUT WORKING VARIABLES 



J PREVENT NUMBERS FROM DIALING UNTIL "DIAL" COMMAND 



; ASSUME "OK" - STCODE WILL BE RESET IF A PROBLEM ARISES 
; SET "LCD" BIT 




5 UPDATE RECEIVER REGISTER 



PAGE 0005 



0192 F839 


07 10 


RMB 


0,IFR-l 


0193 F83B 


A9 03 


LDA 


103 


0194 F83D 


05 14 


ORA 


NCR 


0195 F83F 


85 14 


STA 


NCR 


0196 F841 


7F 79 OC 


BBR 


7,ECH0FG,N0IRQ 


0197 F844 


A9 BO 


LDA 


l$BO 


0198 F846 


85 IC 


STA 


CNTBCL 



CLEAR "RING" FLAG BIT FROM FLAG REGISTER 
CNTR A = PULSE WIDTH TIMER 



; NO ECHO IF FLAG TURNED OFF 

; START TIMER B TO PERIODICALLY SAMPLE 

; THE SERIAL INPUT LINE AND ECHO BACK 
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0199 F848 


A9 00 


LDA 


too 


THE SANE LOBIC LEVEL ON THE OUTPUT 


0200 F84A 


85 IE 


STA 


CNTBHL 


LINE. 


0201 F84C 


D7 12 


SNB 


5,IER 




0202 F84E 


77 78 


RHB 


7,IR8FLB 




0203 F850 


A9 FF NOIRQ IDA 


l$FF 




0204 F8S2 


A8 


TAY 






0205 F853 


85 18 


STA 


CHTACL 


> READY CNTR A FOR PULSE-NIDTH HEASUREHENT 


0206 F855 


84 lA 


STY 


CNTAL 




0207 F857 


8F 11 50 LI BBS 


0,IFR,RIN6 


IF PHONE IS RIN6IN6, 60 SEE IF IT'S TINE TO ANSNER IT 


0208 F8SA 


FF 00 FA 


BBS 


7,PA,Ll 


KAIT FOR RECEIVE LINE TO 60 LON 


0209 F850 


67 00 


RHB 


6,PA 


SET SERIAL-OUT LINE LOM TO HATCH 


0210 F85F 


7F 00 FD L2 BBR 


7,PA,L2 


NON MAIT FOR IT TO 60 BACK HI6H ( THIS SHOULD 


0211 








BE THE START BIT OF "A" ) 


0212 F862 


58 


CLI 




ALLON TIHER-B IRQ 


0213 F863 


A5 19 


LDA 


CNTAH 


SET PULSE NIDTH COUNT 


0214 F865 


49 FF 


EOR 


•$FF 


INVERT IT 


021S F867 


85 43 


STA 


BDRATH 


AND SAVE IT 


0216 F869 


A8 


TAY 






0217 F86A 


AS 18 


LDA 


CNTACL 




0218 F86C 


49 FF 


EOR 


«FF 




0219 F86E 


AA 


TAX 






0220 F86F 


A9FC 


LDA 


l$FC 


SET CNTR A » TINE INTERVAL COUNTER 


0221 F871 


25 14 


AND 


HCR 




0222 F873 


85 14 


STA 


HCR 




0223 F875 


86 42 


8TX 


BDRATL 


SAVE LOM BYT OF COUNT 


0224 F877 


86 18 


STX 


CHTACL 


SET LOW BYTE OF BAUD TIHER 


0225 F879 


98 


TYA 




SET UP COUNTER FOR 1/2 BIT NIDTH, TO 


0226 F87A 


4A 


LSR 


A 


POSITION SERIAL LINE SANPLES APPROX. 


0227 F87B 


85 lA 


STA 


CMTAL 


IN HIDDLE OF BIT. 


0228 F87D 


4F 11 FD L3 BBR 


4,IFR,L3 


NAIT FOR TINER 


0229 F880 


84 lA 


STY 


CNTAL 


NON START TINER A NITH FULL DELAY ( ALSO CLEARS FLA6 ) 


0230 F882 


A5 00 


LDA 


PA 


BET VALUE OF SERIAL BIT (SHOULD BE HI6H) 


0231 F884 


OA 


ASL 


A 


ROTATE RECEIVE BIT VALUE INTO CARRY BIT 


0232 F885 


66 47 


ROR 


TESTS 


AND ROTATE IT INTO TEST BYTE 


0233 F887 


A2 06 


LDX 


106 


CLOCK IN 6 HORE SERIAL BITS 


0234 F889 


4F 11 FD L4 BBR 


4,IFR,L4 


NAIT FOR ONE BIT TINE 


0235 F88C 


A5 18 


LDA 


CNTACL 


CLEAR FLA6 


0236 F88E 


A5 00 


LDA 


PA 


SET SERIAL BIT 


0237 F890 


OA 


ASL 


A . 


AND ROTATE IT INTO TESTS 


0238 F891 


66 47 


ROR 


TESTS 




0239 FB93 


CA 


DEX 




CLOCKED IN 6 BITS YET ? 


0240 F894 


D0F3 


BNE 


L4 


NO «> SET NEXT BIT 


0241 F896 


A5 47 


LDA 


TESTS 


YES«> IS CHAR AN "A" ? 


0242 F898 


4A 


LSR 


A 


( RISHT-JUSTIFY TEST CHAR ) 


0243 F899 


C9 41 


C«P 


t'A' 




0244 F89B 


FO 10 


BEQ 


FOUNDA 


YESs«> CHECK NEXT CHAR FOR "T" OR "/" 


0245 F89D 


98 


TYA 




1 NO =«> NAIT 2 BIT TINES 


0246 F89E 


OA 


ASL 


A 


THEN JUNP TO -RESTART" 


0247 F89F 


85 lA 


STA 


CNTAL 


1 TO READ IN ANOTHER TEST CHAR 


0248 F8A1 


4F 11 FD L4A BBR 


4,IFR,L4A 


\ NAIT FOR TIHER 


0249 F8A4 


7F 00 FD L5 BBR 


7,PA,L5 


; THEN HAKE SURE INPUT LINE IS HI6H 


0250 F8A7 


4C 16 F8 6D2RES JHP 


RESTRT 


; ... AND READ IN ANOTHER 7 BITS 


0251 










0252 F8AA 


4C IC FA RIN6 JHP 


RIN6N6 


1 CHECK RIN6 COUNT. IF PHONE HAS RUNS EN0U6H TINES 
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PA6E 0006 


0253 










5 ( AS DETERHINED BY S-RE6 ) THEN ANSWER IT. 


0254 










; OTHERWISE, 60 BACK TO "RESTART- 


0255 












0256 




; FOUND AN « 


A' CHAR. NON SAVE NEXT TNO BITS FOR PROTOCOL CHECK, 


0257 




» 


THEN CHECK FOR -T" OR "/• 


CHARS. 


0258 












0259 F8AD 


4F 11 FO 


FOUNDA BBR 


4JFR,F0UNDA 


; NAIT ONE BIT TIHE 


0260 FBBO 


A5 18 




LDA 


CNTACL 


; CLEAR FLAG 


0261 F8B2 


A5 00 




LDA 


PA 


; BET BIT 


0262 F8B4 


OA 




ASL 


A 




0263 F8B5 


66 48 




ROR 


ABITB 


; SAVE IT AS BIT 8 OF -A" ( FOR FORMAT CHECKING LATER ) 


0264 F8B7 


4F 11 FD 


L6 


BBR 


4,IFR,L6 


; GET BIT 9 ( WAIT ONE HORE BIT TIHE ) 


0265 F8BA 


A5 18 




LDA 


CNTACL 


; CLEAR FLAB 


0266 FBBC 


A5 00 




LDA 


PA 




0267 F8BE 


OA 




ASL 


A 




0268 F8BF 


66 49 




ROR 


ABIT9 


; AND SAVE "A" BIT 9 


0269 F8C1 


7F 00 FD 


L7 


BBR 


7,PA,L7 


J NAIT FOR RECEIVE LINE TO BO HIBH 


0270 FBC4 


FF 00 FD 


LB 


BBS 


7,PA,L8 


J NON NAIT FOR IT TO 60 LON ( START BIT ) 


0271 F8C7 


86 47 




STX 


TESTB 


} RESET "TESTB- FOR "T" AND "/" CHECK 


0272 FBC9 


98 




TYA 




J DELAY APPROX. 1/2 BIT TIHE 


0273 F8CA 


4A 




LSR 


A 


5 ( DIVIDE HSB OF DELAY TIHE BY 2 ) 


0274 F8CB 


85 lA 




8TA 


CNTAL 


J START TIHER 


0275 FBCD 


4F U FD 


L9 


BBR 


4,IFR,L9 


; NAIT FOR TIHER 


0276 F8D0 


84 lA 




STY 


CNTAL 


; RESTART TIHER ( AND CLEAR FLAG ) 


0277 F8D2 


A2 07 




LDX 


107 


; CLOCK IN 7 BITS ONLY ( OF CHAR FOLLOWING "A" ) 


0278 F8D4 


4F 11 FD 


LIO 


BBR 


4,IFR,L10 


; MAIT FOR TIHER 


0279 F8D7 


AS 18 




LDA 


CNTACL 


J CLEAR FLAG 


0280 F8D9 


A5 00 




LDA 


PA 


; GET BIT 


0231 F8DB 


OA 




ASL 


A 




0282 F8DC 


66 47 




ROR 


TESTB 


; AND SHIFT IT IN "TESTB" 


0283 F8DE 


CA 




DEX 




J 7 BITS YET ? 


0284 F8DF 


D0F3 




BNE 


LIO 


; NO «> GET NEXT BIT 


0285 FBEl 


A5 47 




LDA 


TESTB 


J YES«> SEE IF THIS CHAR HATCHES "T" OR "/" 


0286 F8E3 


4A 




LSR 


A 


J ( RIGHT-JUSTIFY CHAR ) 


0287 F8E4 


C9 2F 




CHP 


17' 


? "/-? 


0288 F8E6 


FO 07 




BEQ 


FOUNDS 


; YES=«> "A/" CHARS RECEIVED -> FIGURE OUT PROTOCOL 


0289 F8E8 


C9 54 




CHP 


I'T' 


J NO «> "T" ? 


0290 F8EA 


FO 05 




BEQ 


FOUNDT 


; YES«> "AT" CHARS RECEIVED -> FI6URE OUT PROTOCOL 


0291 F8EC 


4C 16 FB 




m 


RESTRT 


1 NO «> START OVER 


0292 












0293 F8EF 


F7 74 


FOUNDS SHB 


7,REPFLB 


; INDICATE REPEAT OF LAST COHHAND STRING 


0294 












0295 F8F1 


4F 11 FD 


FOUNDT BBR 


4,IFR,F0UNDT 


; WAIT ONE BIT TIHE 


0296 F8F4 


A5 18 




LDA 


CNTACL 


; CLEAR FLAG 


0297 F8F6 


A5 00 




LDA 


PA 


; SAVE BIT 8 


0298 F8F8 


OA 




ASL 


A 




0299 F8F9 


66 4A 




ROR 


TBIT8 




0300 F8FB 


4F 11 FD 


L12 


BBR 


4,IFR,L12 


J WAIT ONE LAST BIT TIHE 


0301 F8FE 


AS 18 




LDA 


CNTACL 


; CLEAR BIT-WIDTH FLAB 


0302 F900 


AS 00 




LDA 


PA 




0303 F902 


OA 




ASL 


A 


; SAVE BIT 9 


0304 F903 


66 46 




ROR 


TBIT9 




0305 
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03D6 




0307 




030B 




0309 F905 


24 49 


0310 F907 


10 14 


0311 F909 


24 4B 


0312 F90B 


10 16 


0313 F90D 


AS 48 



i BAUD RATE DETERMINED. NOU FI6URE OUT TRANSHISSION PROTOCOL 
; ( NUHBER BITS/CHAR, ODD/EVEN/NO PARITY ) 



BIT 


ABn9 


BPL 


EVENS 


BIT 


TBIT9 


BPL 


0DD8 


LDA 


ABIT8 



; IS BIT 9 OF "A" s ? 

\ YES»> PROTOCOL IS 8 BITS/CHAR, EVEN PARITY 

J NO «> IS BIT 9 OF "T- « ? 

; YES»> PROTOCOL IS 8 BITS/CHAR, ODD PARITY 

J NO «> ARE EIBHTH BITS OF "A" AND "T" 



PA6E 0007 



0314 F90F 


45 4A 




EQR 


TBIT8 


0315 F911 


FO IC 




BEQ 


NOPAR 


0316 F913 


24 48 




BIT 


ABIT8 


0317 F915 


10 12 




BPL 


EVEN7 


0318 ,F917 


A9 C6 


0DD7 


LDA 


l$C6 


0319 F919 


AO 10 




LDY 


1110 


0320 F91B 


DO 20 




BNE 


LABELl 


0321 F91D 


A9C3 


EVENS 


LDA 


l$C3 


0322 F91F 


AO 18 




LDY 


l$18 


0323 F921 


DO lA 




BNE 


LABELl 


0324 F923 


A9C2 


ODDS 


LDA 


l$C2 


0325 F925 


AO 18 




LDY 


l$18 


0326 F927 


DO 14 




BNE 


LABELl 


0327 F929 


A9C7 


EVEN7 


LDA 


t$C7 


0328 F92B 


AO 10 




LDY 


l$10 


0329 F92D 


DO 0£ 




BNE 


LABELl 


0330 F92F 


24 48 


NOPAR 


BIT 


ABIT8 


0331 F931 


30 06 




BHI 


.40PAR7 


0332 F933 


A9 CO 


N0PAR8 LDA 


IICO 


0333 F935 


AO 10 




LDY 


1110 


0334 F937 


DO 04 




BNE 


LABELl 


0335 F939 


A9 C4 


N0PAR7 LDA 


l$C4 


0336 F93B 


AO 08 




LDY 


1108 


0337 










0338 F93D 


85 15 


LABELl STA 


SCCR 


0339 F93F 


85 40 




STA 


DEFPRO 


0340 F941 


A2 04 




LDX 


♦04 


0341 F943 


46 43 


ROTATE LSR 


BDRATH 


0342 F945 


66 42 




ROR 


BDRATL 


0343 F947 


CA 




DEX 




0344 F948 


D0F9 




BNE 


ROTATE 


0345 F94A 


AS 42 




LDA 


BDRATL 


0346 F94C 


85 18 




STA 


CNTACL 


0347 F94E 


AS 43 




LDA 


BDRATH 


0348 F9S0 


85 lA 




STA 


CNTAL 


0349 F952 


57 12 




RHB 


S,IER 


0350 F954 


AS 42 




LDA 


BDRATL 


0351 F956 


C9B5 




CHP 


IBAUD3-10 


0352 F958 


90 08 




BCC 


6T300 


0353 F95A 


A2 03 


803 


LDX 


103 


0354 F95C 


57 01 




RHB 


S,PB 


0355 F95E 


A9 04 




LDA 


1104 


0356 F960 


DO 12 




BNE 


BD2 



; THE SAKE ? 

J YES««> NO PARITY USED 

J NO «> BIT 8 OF "A« » ? 

J YES«> 7 BITS, EVEN PARITY, 2 STOP BITS 

\ NO «> 7 BITS, ODD PARITY, 2 STOP BITS 

; SET VALUE FOR "RCVC" ( 10 BIT8/N0RD ) 

\ ( BRANCH ALHAYS ) 

5 SET VALUE FOR "RCVC ( 11 BITS/NORD ) 
; ( BRA ) 

; SET VALUE FOR "RCVC" ( 11 BITS/NORD ) 
; ( BRA ) 

I SET VALUE FOR "RCVC" ( 10 BITS/NORD ) 

; ( BRA } 

; IS BIT 8 OF "A- « 1 ? 

; YES«> 7 BITS, NO PARITY 

J NO «> 8 BITS, NO PARITY 

; SET VALUE FOR -RCVC" ( 10 BITS/NORD ) 

\ (BRA ) 

; SET VALUE FOR "RCVC" ( 9 BITS/NORD ) 

; SET \if SERIAL COHHAND RE6ISTER FOR 

\ BAUD RATE AND PROTOCOL [ SAVE PRESENT PROTOCOL ] 

I DIVIDE BIT-NIDTH TIHE BY 16 

: TO SET BAUD RATE VALUE 



SET UP BAUD RATE TIHER 



DISABLE IRQS 

DETERMINE NHAT BAUD RATE NE'RE RUNNIN6 AT 
IS IT 6REATER THAN 300 ? 
YES~> BRANCH 
NO »> BAUD « 300 
SET "HISPEED" TO ( LON SPEED ) 
SET R2424 'NODE' CODE ( BELL 212A ASYNC ) 
; ( BRANCH ALNAYS ) 
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0357 F962 


C9 25 


6T300 


CMP 


IBAUD12-10 


0358 F964 


90 08 




BCC 


824 


0359 F966 


A2 0C 


B12 


IDX 


112 


0360 F96B 


07 01 




SHB 


5,PB 


0361 F96A 


A9 03 




LDA 


•$03 


0362 F96C 


00 06 




BNE 


BD2 


0363 F96E 


A2 18 


824 


LDX 


124 


0364 F970 


D7 01 




SMB 


5,PB 


0365 F972 


A9 0D 




LDA 


HOD 


0366 F974 


85 9D 


DD2 


STA 


TEHP 


0367 F976 


AD OA 10 




IDA 


RCVA 


0368 F979 


29 FO 




AND 


IIFO 


0369 F97B 


05 90 




ORA 


TEHP 


0370 F97D 


80 OA 10 




STA 


RCVA 


0371 F9B0 


AD OA 20 




LDA 


XHTA 


0372 F983 


29 FO 




AND 


IIFO 


0373 F985 


05 9D 




ORA 


TEMP 


0374 F987 


8D OA 20 




STA 


XMTA 



IS BAUD BREATER THAN 1200 ? 

YES«> MUST BE 2400 

NO ««> MUST BE 1200 

SET 'HISPEED" TO I (HIBH SPEED ) 

SET R2424 "MODE" CODE ( BELL 212A ASYNC ) 

( BRA ) 

2400 BAUD 

SET R2424 -MODE" CODE ( V.22 BIS ASYNC ) 
SAVE "MODE" CODE IN TEMPORARY LOCATION 
CHAN6E -MODE' IN R2424 MODEM RE6ISTERS 

- CLEAR OUT PREVIOUS MODE 

- SET NEH MODE 

- AND PR06RAM RECEIVER 
CHAN6E TRANSMITTER BAUD RATE ... 

- CLEAR OUT PREVIOUS MODE 

- SET NEH MODE 

- AND PR06RAM TRANSMITTER 



0375 F98A 


8C OC 10 


0376 F98D 


8C OC 20 


0377 F990 


20 CB FD 


0378 F993 


86 41 


0379 




0380 F995 


F7 78 


0381 F997 


D7 16 



STY RCVC 

STY XMTC 

JSR NEHCXR 

STX BAUD 

SMB 7,IRQFL6 

SMB 5,SCSR 



PA6E 0008 

; AND SET MODEM 

$ UPDATE R2424 RE6ISTERS MITH NEN VALUES 
$ SAVE BAUD CODE 

; SET ISR TO PROCESS DELAY TIME FOR NAIT-FOR-CARRIER 
; SET "DATA RES EMPTY" FLAB FOR 'LAST BIT OUT' 




PA6E 0009 



0383 




; BAUD RATE 


DETERMINED. NOH 


0384 




; CHARACTERS INTO BUFFER ( U 


0385 








0386 F999 


FF 74 4B 


BBS 


7,REPFLB,REPEAT 


0387 F99C 


A2 00 


SETPTR LDX 


too 


0388 F99E 


AS 16 


MAITIN LDA 


SCSR 


0389 F9A0 


29 OF 


AND 


l$OF 


0390 F9A2 


FOFA 


BEQ 


HAITIN 


0391 








0392 F9A4 


A5 17 


6ETCHR LDA 


SRDR 


0393 F9A6 


7F 79 03 


BBR 


7,ECH0FB,CTLC0D 


0394 F9A9 


20 51 FF 


JSR 


CHROUT 


0395 F9AC 


CS89 


CTLCOD CMP 


S3 


0396 F9AE 


FOID 


BEQ 


80TCHR 


0397 F9B0 


C9 20 


CMP 


l$20 


0398 F9B2 


FOEA 


BEQ 


HAITIN 


0399 F9B4 


90 E8 


BCC 


HAITIN 


0400 F9B6 


C9 7F 


CMP 


lf7F 


0401 F9B8 


DO OS 


BNE 


BS 


0402 F9BA 


AS 88 


LDA 


S5 


0403 F9BC 


20 51 ?9 


JSR 


CHROUT 



NOH IN COMMAND MODE. READ COMMAND 
. TERMINATE ON <CR>. 

BRANCH IF -A/' RECEIVED 

'AT* RECEIVED --> SET BUFFER INDEX TO 

CHECK RECEIVER STATUS 

NO BITS SET -»> NO RECEIVED CHAR, TRY A6AIN 

6ET CHAR FROM RECEIVER BUFFER 

; BRANCH IF ECHO DISABLED 

ECHO CHAR BACK TO HOST COMPUTER 

IS CHAR A <CR> ? 

YES«> SAVE IT AMD PROCEED TO "ALLIN" 

IS INCHAR A <SP> ? 
; YES»=> I6N0RE IT 

; CHAR IS LESS THAN $20 ( CONTROL CODE ) -> I6N0RE IT 
5 IS IT A -DELETE' CHAR ? <- REMOVE THESE FOUR LINES IF THE 
; NO «> CHECK FOR <BS> <-- <DELETE> KEY ON THE PARTICULAR 
5 YES«> CHANBE IT TO <BS> <- TERMINAL USED HITH THIS DESI6N 
5 SEND OUT {BACKSPACE) <- BACKSPACES THE CURSOR. 
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0404 F9BF 


C5 8B 


BS 


CHP 


85 


040S F9Ci 


DOOA 




BNE 


60TCHR 


0406 F9C3 


CA 


DELETE DEX 




0407 F9C4 


10 D8 




BPL 


NAITIN 


0408 F9C6 


A9 20 




LDA 


l«20 


0409 F9C8 


20 51 FF 




JSR 


CHROUT 


0410 F9M 


30 CF 




BHI 


SETPTR 


04n 










0412 F9CD 


95 4C 


60TCHR STA 


INBUFFfX 


0413 F9CF 


CS 89 




CMP 


S3 


0414 F901 


FOOA 




BED 


ALLIN 


0415 F9D3 


E8 




INX 




0416 F9D4 


E0 29 




CPX 


141 


0417 F9D6 


DO C6 




BNE 


MAITIN 


0418 F9D8 


F7 75 




SNB 


7,BUFFL6 


0419 F9DA 


CA 




DEX 




0420 F9DB 


DO CI 




BNE 


HAITIN 


0421 










0422 F9DD 


7F 75 07 


ALLIN 


BBR 


7,BUFFLB,REPEAT 


0423 F9E0 


A9 04 




IDA 


104 


0424 F9E2 


85 7D 




STA 


STCODE 


0425 F9E4 


4C EO FD 




JHP 


CR 


0426 










0427 F9E7 


A2 00 


REPEAT LDX 


too 



; IS IT A <BACK-SPACE> ? 

; NO «»> ACCEPT CHAR 

; YESss) OVERHRITE PREVIOUS CHAR IN BUFFER 

; BRANCH IF BUFF POINTER NOT LESS THAN 

; OUTPUT A <SP> 

; LIHIT LONEST VALUE OF POINTER TO ( BRA ) 

; SAVE CHAR IN BUFFER 

; IS IT A <CR> ? 

; YES»> ALL CHARS RECEIVED 

; NO s«> INC POINTER AND SET NEXT CHAR 

5 IS BUFFER FULL ? 

; NO »> 6ET NEXT CHAR 

; YES«s> SET FLA6 TO INDICATE ERROR 

; KEEP READIN6 UNTIL <CR> 

; ( BRA ) 

; BRANCH IF 40 OR LESS CHARS READ IN 

; TOO NANY CHARS ENTERED *-> ERROR 

; SET STATUS CODE TO INDICATE ERROR 

; AND TERMINATE COMMAND STRIN6 

; SET COMMAND STRIN6 POINTER TO ZERO 



PA6E 0010 



0429 




) ALL COMMANDS AND PARAMETERS HAVE BEEN RECEIVED. NOH EXECUTE 


0430 




; EACH COMMAND, IN ORDER, 


UNTIL <CR> OR UNREC06NIZED COMMAND (ERROR) . 


0431 












0432 F9E9 


20 F5 F9 


NXTCMD JSR 


FNDCMD 


; FIND C0RRESP0NDIN6 SUBROUTINE ADDRESS AND 


0433 










; SET UP JUMP VECTOR 


0434 F9EC 


20 F2 F9 




JSR 


DOCMD 


\ EXECUTE COMMAND. 


0435 F9EF 


4C E9 F9 




JMP 


NXTCMD 


; FETCH NEXT COMMAND 


0436 F9F2 


6C9B00 


DOCMD 


JMP 


(CMDVEC) 


; JMP TO COMMAND ROUTINE. 


0438 








EACH COMMAND ROUTINE ASSUMES THE X-RE6 POINTS 


0439 








TO THE CHAR IN "INBUFF" F0LL0NIN6 THE COMMAND 


0440 








CHAR, AND LEAVES X-RE6 P0INTIN6 TO THE NEXT 


0441 








COMMAND CHAR, 


. THE Y-RE6 IS FREE FOR USE AS 


0442 








A 6ENERAL SCRATCH-PAD RE6ISTER. 


0443 












0444 F9F5 


AO 00 


FNDCMD LDY 


too 


; SET UP TABLE INDEX 


0445 F9F7 


B5 4C 




LDA 


INBUFF,X 


; FETCH COMMAND BYTE 


0446 F9F9 


C5 89 




CMP 


S3 


; IS IT A <CR> ? 


0447 F9FB 


FOOE 




BEQ 


60CR 


\ YES<»> TERMINATE COMMAND STRIN6 


0448 F9FD 


D9 47 FA 


L00P2 


CMP 


CMDTBL,Y 


; NO ««> A MATCH FOUND ? 


0449 FAOO 


FOOD 




BEQ 


FOUND 


• YESs>> 6ET VECTOR 


0450 FA02 


C8 




INY 




J NO «> TRY NEXT TABLE ENTRY 


0451 FA03 


CO 21 




CPY 


INUHCMD 


; END OF TABLE ? 


0452 FA05 


D0F6 




BNE 


L00P2 


; NO »> 60 A6AIN 


0453 FA07 


A9 04 




LDA 


104 


\ YESs>> ERROR ... 


0454 FA09 


85 7D 




STA 


STCODE 
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04SS FAOB 


A0 21 


60CR 


LDY 


INUNCHD 


; SET POINTER TO <CR> COHHAND 


04S6 












0457 FAOD 


98 


FOUND 


TYA 




; COHHAND FOUND. SET ASSOCIATED VECTOR 


04SB FAOE 


OA 




ASL 


A 


; HUIT INDEX BY 2 


0459 FAOF 


A8 




TAY 






0460 FAiO 


B9 69FA 




LDA 


VECTBL,Y 


; SET VECTOR 


0461 FA13 


BS9B 




STA 


CNDVEC 


; AND SET UP COHHAND JUHP 


0462 FAi5 


B9 6A FA 




LDA 


VECTBU1,Y 




0463 FAIB 


BS9C 




STA 


CNDVECM 




0464 FAIA 


E8 




INK 




; INC INBUFF INDEX TO POINT TO FIRST 


0465 FAIB 


60 




RTS 




; BYTE F0LL0NIN6 COHHAND BYTE 



0467 




J PH 


ONE IS RIM 


0468 








0469 FAIC 


57 12 


RIN6N6 RHB 


5,IER 


0470 FAIE 


07 10 


RHB 


0,IFR-l 


0471 FA20 


A9A0 


LDA 


•$A0 


0472 FA22 


85 14 


STA 


HCR 


0473 FA24 


A5 40 


LDA 


DEFPRO 


0474 FA26 


85 15 


STA 


SCCR 


0475 FA2B 


A5 42 


LDA 


BDRATL 


0476 FA2A 


85 18 


STA 


CNTACL 


0477 FA2C 


A5 43 


LDA 


BDRATH 


0478 FA2E 


85 lA 


STA 


CNTAL 


0479 FA30 


A9 02 


LDA 


1102 


0480 FA32 


85 7D 


STA 


STCODE 


0481 FA34 


20E8FE 


JSR 


RESPNS 


0482 FA37 


E6 87 


INC 


SI 


0483 FA39 


A4 87 


LDY 


SI 


0484 FA3B 


C4B6 


CPY 


SO 


0485 FA3D 


F0 03 


BEQ 


ANSHER 


0486 FA3F 


4C 16 F8 


JHP 


RESTRT 


0487 








0488 FA42 


F7 78 


ANSHER SHB 


7,IRQFL6 


0489 FA44 


20 OD FC 


JSR 


AAA 


0490 








0491 








0492 








0493 









0496 
0497 FA47 


2C 


J 

CNDTBL .BYT 


t 


0498 FA48 


30 


.BYT 


'0123456789H 


0499 FA54 


3B 


.BYT 


l3B,'s?' 


0500 FA57 


41 


.BYT 


'ACDEFH' 


0501 FA5D 


49 


.BYT 


'IH0P8R' 


0502 FA63 


53 


.BYT 


•STVXZ' 


0503 FA68 


00 


.BYT 


100 



PA6E 0011 



; DISABLE IRQ 

; RESET PAO ( "PHONE IS RIN6IN6" ) FLA6 

; SET HCR FOR SERIAL I/O 

$ SET SERIAL PROTOCOL TO HOST RECENT VALUE 

; SET SERIAL CLOCK TO HOST RECENT VALUE 

I SET "STCODE" TO "RIN6" RESPONSE 

; AND OUTPUT APPROPRIATE HESSA6E 

; ADD 1 TO RIN6 COUNTER 

; HON CHECK FOR RIN6 COUNT 

; IS THE RIN6 COUNT UP TO THE SET LIHIT YET ? 

; YES«»> 60 ANSNER THE PHONE ! 

; N0«> START OVER READIN6 IN CHARS FRON HOST SYSTEH 

; CHAN6E ISR TO PROCESS DELAY TIHE FOR MAIT-FOR-CARRIER 

\ HON 60 ANSNER PHONE ( "JSR" HILL PUT 2 RETURN 
; ADDRESS BYTES ON THE STACK. THESE HILL BE 
; DISCARDED AT THE END OF THE <CR> COHHAND 
; - AT LABLE "NONAIT" - FOLLOHED BY 
; A "JHP RESTRT" ) 



PA6E 0012 
THE ORDER OF THESE TNO TABLES HOST HATCH 




; HARKER FOR <CR> COHHAND 
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0504 








0505 FA&9 


lEFB 


VECTBL .NOR 


COHHA 


0504 FA6B 


3CFB 


.HOR 


DI8IT,BI8IT,DI6IT,DI6IT,DI6IT,DI6IT 


0507 FA77 


3CFB 


.m 


DI6IT,DI8IT,DI6IT,DI6IT,DI&IT,DI6IT 


0508 FA83 


5BF6 


.HOR 


SEHIC,EQUAL,QUESTN 


0509 FA89 


ODFC 


.HOR 


AAA,CCC,DDD,EEE,FFF,HHH 


0510 FA95 


BB FC 


.MOR 


in,KHH,000,PPP,68Q,RRR 


0511 FAAl 

0512 FAAB 
0513 


3AFD 
EOFD 


.HOR 
.MOR 


SSS,TTT,VVV,XXX,2n 

rO » «.«......S MIICT BC 1 aCT CIITBV Ty Tfilll c 


LK } — — — — ^ liiyigi gi. Lusi trllni IN IRoLt 


0514 








0515 




{ INITIAL VALUES FOR S-RE6ISTERS, IN ORDER FROH TO 16 


0516 








0517 FAAD 


00 


STBL .BYT 


0,0,43,13,10 


0518 FAB2 


08 


.BYT 


8,2,30,02 


0519 FAB6 


06 


.BYT 


6,7,70,50 


0520 FABA 


FF 


.BYT 


IFF,*FF,$FF 


0521 FABD 


00 


.BYT 






PA6E 0013 



0523 




; THIS ROUTINE INITIALIZES PR06RAH VARIABLES AND 


0524 




; CPU RE6ISTERS. 




0525 










0526 FABE 


A9 00 


INITSN LDA 


1100 


; DISABLE ALL IRQS 


0527 FACO 


85 11 


STA 


IFR 




0528 FAC2 


85 12 


STA 


lER 




0529 FAC4 


80 00 20 


STA 


XHTD 


; SET UP R2424 TO DEFAULT VALUES 


0530 FAC7 


80 OB 20 


STA 


XHTB 




0531 FACA 


A9 04 


LDA 


tf04 




0532 FACC 


80 OD 10 


STA 


RCVD 




0533 FACF 


A9 03 


LDA 


•$03 




0534 FADl 


80 OA 10 


STA 


RCVA 




0535 FAD4 


80 OA 20 


STA 


XHTA 




0536 FAD7 


A9 08 


LDA 


1108 




0537 FAD9 


8D OC 10 


STA 


RCVC 




0538 FABC 


80 OC 20 


STA 


XHTC 




0539 FADE 


80 OE 10 


STA 


RCVE 




0540 FAE2 


80 OE 20 


STA 


XHTE 




0541 










0542 FAE5 


A9 00 


LDA 


too 




0543 FAE7 


85 83 


STA 


SSETFB 


SET FLA6 TO INDICATE S-RE6 HAS NOT BEEN SET 


0544 FAE9 


85 87 


STA 


SI 


SET RIN6 COUNT TO 


0545 FAEB 


85 7F 


STA 


XCODE 


STANDARD "CARRIER" RESPONSE 


0546 FAED 


85 76 


STA 


DILFLB 


DISABLE DIALIN6 


0547 FAEF 


85 7B 


STA 


RSLTF6 


ENABLE RESULT RESPONSE 


0548 FAFl 


A9 80 


LDA 


1180 


ENABLE ECHO 


0549 FAF3 


85 79 


STA 


ECHDFB 




0550 FAF5 


85 7A 


STA 


DUPLEX 


FULL DUPLEX 


0551 FAF7 


85 7E 


STA 


VCODE ; 


SET UP FOR VERBAL RESPONSE 


0552 FAF9 


85 7C 


STA 


SPKRF6 


SET SPEAKER FOR 'HI" COHHAND OPERATION 


0553 FAFB 


A9 2F 


LDA 


KBAUD12 


SET DEFAULT BAUD RATE TO 1200 BAUD 


0554 FAFD 


85 42 


STA 


BDRATL 




0555 FAFF 


A9 00 


LDA 


l>BAUD12 




0556 FBOl 


85 43 


STA 


BDRATH 
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0S57 FB03 


A9C0 


LDA 


l$CO 


0SS8 FBOS 


85 40 


STA 


DEFPRO 


0559 FB07 


A9 86 


LDA 


KSO 


0560 FB09 


85 84 


STA 


SRE6P 


0561 FBOB 


A9 00 


LDA 


l>SO 


0562 FBOD 


85 85 


STA 


SRE6PH 


0563 FBOF 


AO 11 


LDY 


117 


0564 FBI! 


B9 AD FA 


SLOOF LDA 


STBL,Y 


0565 FB14 


91 84 


STA 


(SREBP),Y 


0566 FB16 


88 


DEY 




0567 FB17 


10 FB 


BPL 


SLOOP 


0568 FB19 


A5 89 


LDA 


S3 


0569 FBIB 


85 4C 


STA 


INBUFF 


0570 FBID 


60 


RTS 




0571 




.FILE 


HDHIOB 



; SET DEFAULT SERIAL PROTOCOL TO 8 BITS, NO PARITY 

; BASE POINTER FOR S-RE6ISTERS 

; SET UP HI6H-BYTE OF S-RE6 POINTER 

; INITIALIZE S-REBS 



I INITIALIZE CONHAND STRIN6 TO CNULL] 



0573 
0574 
0575 
0576 
0577 
0578 

0579 FBIE 
0560 FB20 

0581 FB22 

0582 FB24 

0583 FB26 

0584 FB28 

0585 FB2A 

0586 FB2C 

0587 FB2E 

0588 FB31 

0589 FB33 

0590 FB34 

0591 FB36 

0592 FB37 

0593 FB39 

0594 FB3B 
0595 
0596 
0597 
0598 
0599 
0600 

0601 FB3C 

0602 FB3F 

0603 FB41 

0604 FB44 

0605 FB46 
0606 
0607 
0608 
0609 



86 9D 
A6 8E 
FO 15 
A9 9C 
85 IC 
A9E0 
85 IE 
AO 10 
5F 11 FD 
AS IC 
88 

D0F8 
CA 

D0F3 
A6 9D 
60 



7F 76 15 
A9 01 
2C OE 20 
FOFB 
B5 4B 



PA6E 0014 

THE FOLLONINe ARE ALL THE COHHAND ROUTINES TO EXECUTE THE 
"AT" COHHANDS.... 



} '," COHHAND — MAIT FOR ONE PAUSE TIHE 



COHHA STX 
LDX 
BEQ 
LDA 
STA 
LDA 
STA 

ONESEC LDY 

HAITB BBR 
LDA 
DEY 
BNE 
DEX 
BNE 

NODLAY LDX 
RTS 



TEHP 

S8 

NODLAY 

KDLYTIH 

CNTBCL 

DDLYTIH 

CNTBHL 

IDLYHIB 

5,IFR,HAITB 

CNTBCL 

MAITB 

ONESEC 
TEHP 



; SAVE INBUFF POINTER 

$ 6ET VALUE OF S-RE6 8 ( DELAY TINE ) 

; IF ZERO THEN NO DELAY 

: START TIHER-B 



; IS TIHER B DONE YET ? 
YES ==> CLEAR TIHER FLA6 
DONE C0UNTIN6 YET ? 
NO --> KEEP 60IN6 

; ANY HORE 1-SEC DELAYS ? 

\ YES»> ONE HORE TIHE .... 

I RESTORE INBUFF POINTER 




;ffffffff»HfH»ffft*Hftl»fif»ttftftfff»iH«tffHfif«fflfffffffHfitlHfilff»ti 



; DIAL A NUHBER 



DI6IT BBR 
LDA 

NAITRE BIT 
BEQ 
LDA 



7,DILFL6,DI6ERR 

1101 

XHTE 

NAITRE 

INBUFF-1,X 



IF NUHBER IS NOT TO BE DIALED -> ERROR 
NAIT UNTIL DIAL BUFFER EHPTY 



; 6ET ASCII NUHBER FROH BUFFER. IN THIS CASE, THE 
\ COHHAND BYTE IS THE PARAHETER. SINCE THE X-RE6 
; HAS ALREADY BEEN UPDATED TO POINT TO THE BYTE 
; F0LL0HIN6 THIS DI6IT/C0HHAND, THE BASE OF THE 
\ COHHAND BUFFER HAS TO BE SHIFTED DOWN ONE BYTE 
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0610 








TO COHFENSATE. 


06ii FB48 


C9 23 


CMP 


«'f 


IS THE DIAL DIBIT A "f ? 


0612 FB4A 


DO 02 


BME 


DI62 


NO --> BRANCH 


0613 FB4C 


A9 0E 


LDA 


l$0E 


YES«> EXCHANBE CHAR FOR R2424'S "f NUHBER 


0614 FB4E 


29 OF 


DI62 AND 


l$OF 


HAKE IT ABSOLUTE 


0615 FB50 


80 00 20 


STA 


XHTO 


AND DIAL ... 


0616 FBS3 


60 


QDI6IT RTS 






0617 










0618 FB54 


A9 04 


DI6ERR LDA 


104 


"ERROR " 


0619 FB56 


85 70 


STA 


STCODE 




0620 FB38 


4C EO FD 


JHP 


CR 


TERHINATE COHHAND STRIN6 PR0CESSIN6 


0621 










0622 




•,ft«HHHfft««t»HiiHH»fHHHH»t»«HHHHHHHf«Hff»*»«»«»»««HHH«fHH 


0623 










0624 










0625 




} SEMICOLON COHHAND — DONE DIALINB - RETURN TO COHHAND HODE 


0626 










0627 FB5B 


7F 76 11 


SEHIC BBR 


7,DILFL6,SEHERR 


BRANCH IF -|" ENTERED WHILE NOT DIALINB (ERROR) 


0628 FBSE 


06 76 


ASL 


DILFL6 


TURN OFF DIAL FLAB ( $80 -> $00 ) 


0629 FB60 


A9 01 


LDA 


101 


WAIT UNTIL DIAL REBISTER IS EHPTY 


0630 FB62 


2C OE 20 


SEHI2 BIT 


XHTE 


EHPTY YET ? 


0631 FB65 


FOFB 


BEQ 


8EHI2 


NO «> KEEP WAITINB 


0632 FB67 


A9FF 


LDA 


l$FF 


YES»> FINISH DIALINB 


0633 FB69 


8D 00 20 


STA 


XHTO 





0634 FB6C 


77 80 


RHB 


7,NAITFB 


0635 FB6E 


60 


RTS 




0636 








0637 FB6F 


A9 04 


SEHERR LDA 


l$04 


0638 FB71 


85 7D 


STA 


STCODE 


0639 FB73 


4C EO FD 


m 


CR 


0640 








0641 




;»Hft»«»ftHft 


tH«it«HiftHffl«1 


0642 








0643 




; -«' COHHAND — SET S-f 


0644 








0645 FB76 


7F 83 DB 


EQUAL BBR 


7,SSETF6,DI8ERR 


0646 FB79 


A9 00 


LDA 


too 


0647 FB7B 


85 98 


STA 


NUH 


0648 FB7D 


85 99 


STA 


Nun^i 


0649 FB7F 


85 9A 


STA 


NUH+2 


0650 FB81 


20 BE FD 


JSR 


8ETNUH 


0651 FB84 


BO 36 


BCS 


EQ4 


0652 FB86 


85 98 


STA 


NUH 


0653 FB88 


20 BE FD 


JSR 


6ETNUH 


0654 FB8B 


BO 15 


BCS 


EQ2 


0655 FB8D 


A4 98 


LDY 


NUH 


0656 FB8F 


84 99 


STY 


NUHH 


0657 FB91 


85 98 


STA 


NUH 


0658 FB93 


20 BE FD 


JSR 


BETNUH 


0659 FB96 


BO OA 


BCS 


E62 


0660 FB98 


A4 99 


LDY 


NUH+1 



PA6E 0015 

I PREVENT <CR> COHHAND FROH 60IN6 ON-LINE (REHAIN IN 
; COHHAND HODE) 

; SET STCODE FOR ERROR 

: ... AND TERHINATE COHHAND STRINB EXECUTION 



; IF FLAB IS CLEAR -> "ERROR" 
J CLEAR OUT TEHP BUFFER 



BET FIRST CHAR FROH BUFFER 
IF IT IS NOT A NUHBER, THEN ASSUHE ZERO 
SAVE NUHBER IN TEHP BUFF 
IS THERE ANOTHER NUHBER ? 
NO «> ONES DIBIT ONLY -> BRANCH 
YES=»> HOVE ONES DIBIT OVER 
AND INSERT TENS DIBIT 

I IS THERE A THIRD NUHBER ( HUNDREDS DIBIT ) 
; NO «> ALL NUHBERS FETCHED -> BRANCH 
! YES«> HOVE ONES AND TENS DIBITS 
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0661 FB9A 


84 9A 




STY 


NUHi2 


; OVER AND INSERT HUNDREDS 


0662 FB9C 


A4 98 




LDY 


NUN 


; DIBIT IN FRONT 


0663 FB9E 


84 99 




STY 


NUH41 




0664 FBAO 


85 98 




STA 


NUN 




0665 FBA2 


AS 99 


EQ2 


LDA 


NUHM 


; 6ET TENS DI6IT 


0666 FBA4 


F0 07 




BEQ 


EQ3 


} IGNORE IT IF IT'S ZERO 


0667 FBA6 


20 EC FB 




JSR 


HULTIO 


J IF > , HULTIPLY BY 10 


0668 FBA9 


65 98 




ADC 


NUN 


} ADD IN ONES DIBIT 


0669 FBAB 


85 98 




STA 


NUN 


; AND SAVE TENStONES 


0670 FBAD 


A5 9A 


ED3 


LDA 


NUN+2 


; GET HUNDREDS DIGIT; IS IT » ? 


0671 FBAF 


FO OB 




BEQ 


EQ4 


; YES»> FINISHED CONVERTING TO HEX 


0672 FBBI 


20 EC FB 




JSR 


HULTIO 


1 NO »s> HULTIPLY HUNDREDS DIGIT BY 10 


0673 FBB4 


20 EC FB 




JSR 


HULTIO 


; AND BY 10 AGAIN ( t 100 ) 


0674 FBB7 


18 




CLC 






067S FBBB 


65 98 




ADC 


NUN 


; ADD IN TENS^ONES DIGIT 


0676 FBBA 


85 98 




STA 


NUN 




0677 FBBC 


A5 98 


EQ4 


LDA 


NUN 




0678 FBBE 


AO 00 




LDY 


too 




0679 FBCO 


91 84 




STA 


(SRE6P),Y 


; SAVE TOTAL HEX VALUE 


0680 FBC2 


A5 96 




LDA 


S16 


1 GO TO SELF-TEST ? 


0681 FBC4 


DO 12 




BNE 


SLFTST 


J NO «> STOP SELF TEST 


0682 FBC6 


A9EF 


NOSLFT LDA 


l$EF 


; NO SELF TEST - RETURN TO NQRHAL OPERATING NODE 


0683 FBC8 


2D OA 10 




AND 


RCVA 


\ DISABLE SELF-TEST BITS IN R2424 


0684 FBCB 


80 OA 10 




STA 


RCVA 




0685 FBCE 


A9 EF 




LDA 


l$EF 




0686 FBDO 


2D OA 20 




AND 


XHTA 




0687 FBD3 


8D OA 20 




STA 


XHTA 




0688 FBD6 


DO 10 




BNE 


QEQ 


; ( BRANCH ALMAYS ) 


0689 












0690 FBD8 


A9 10 


SLFTST LDA 


l$10 


; START SELF-TEST 


0691 FBDA 


OD OA 10 




ORA 


RCVA 


\ SET SELF-TEST BITS IN R2424 


0692 FBDD 


8D OA 10 




STA 


RCVA 




0693 FBEO 


A9 10 




LDA 


1110 




0694 FBE2 


OD OA 20 




ORA 


XHTA 






PAGE 0016 



0695 FBE5 


80 OA 20 




STA 


XHTA 


0696 FBE8 


20 CB FD 


QEQ 


JSR 


NENCXR 


0697 FBEB 


60 




RTS 




0698 










0699 FBEC 


85 90 


HULTIO STA 


TEHP 


0700 FBEE 


OA 




ASL 


A 


0701 FBEF 


OA 




ASL 


A 


0702 FBFO 


65 9D 




ADC 


TEHP 


0703 FBF2 


OA 




ASL 


A 


0704 FBF3 


60 




RTS 




0705 










0706 




;tfH< 


(fiflff 


fifiHifl 


0707 










0708 




. .,. 


' CONHAND — 


0709 










0710 FBF4 


20 40 FF 


QUESTN JSR 


CRLF 


0711 FBF7 


AO 00 




LDY 


too 



UPDATE R2424 SCRATCH-PAD REGISTERS 



; SAVE VALUE IN TEHP STORAGE 

; HULTIPLY BY 2 ( • 2 ) 

; AND BY 2 AGAIN ( t 4 ) 

; THEN ADD IN ORIGINAL VALUE ( CARRY FLAG ALMAYS CLEAR ) 

; HULTIPLY BY 2 AGAIN ( t 10 ) 



tftilflflfffifi«fifffft*ifffHiffff«HttHtftffl*tfffff«H»tffft»f«tffft«fHflf«tfff 



SEND BACK CONTENTS OF S-REGISTER 



; PREFACE OUTPUT NITH <CR/LF> 
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0712 FBF9 

0713 FBFB 

0714 FBFE 

0715 FCOO 

0716 FC03 

0717 FCOfc 

0718 FC07 

0719 FC09 

0720 FCOC 
0721 
0722 
0723 
0724 
0725 

0726 FCOO 

0727 FCIO 

0728 FC12 

0729 FC15 

0730 FC18 

0731 FCIA 

0732 FCID 

0733 FC20 

0734 FC23 

0735 FC25 
0736 
0737 
0738 
0739 
0740 
0741 
0742 

0743 FC28 

0744 FC2B 

0745 FC2D 

0746 FC2F 

0747 FC31 

0748 FC34 

0749 FC36 

0750 FC38 

0751 FC3A 

0752 FC3D 

0753 FC40 

0754 FC43 
0755 



Bl 84 
20 9F }^li 
A0 02 
B9 98 00 
20 51 FF 
88 

10 F7 
20 40 FF 
60 



20 95 FC 
ft9 10 
OD OD 20 
80 00 20 
A9 DF 
20 09 20 
8D 09 20 
20 CE FD 
F7 80 
4C EE FD 



20 8E FD 
BO OB 
FO 09 
A9 04 
OD 09 20 
DO 07 
DO 05 
A9 FB 
2D 09 20 
8D 09 20 
20 CE FD 
60 



IDA 
JSR 
LDY 
QUES3 IDA 
JSR 
DEY 
BPL 
JSR 
RTS 



(8RE8P),Y 

HHASC 

102 

CKROUT 

SUES3 
CRLF 



BET VALUE OF S-REB 

AND CONVERT IT TO ASCII 

SEND OUT 3 CHARS 

BET CHAR FRQH "NUH" BUFFER 

LAST CHAR ? 

NO «> SEND OUT NEXT ONE 

YES«> SEND OUT <CR/LF> 



Hf«f«ft»i»»»*»»«»«»«4«f«»«»«»«««i»t«»«ftt»«««»«ft«»»Hi«»»»*»«»*»«»tHHf«f«t«ift 



"A" COHHAND 



AAA 



JSR 


H1AND2 


LDA 


1110 


ORA 


XHTD 


STA 


XHTD 


LDA 


«IDF 


AND 


XHT9 


STA 


XHT9 


JSR 


NENCX 


SHB 


7,NAITF6 


JHP 


CR2 



SET HODEH TO ANSNER AN INC0HIN8 CALL 

J PICK UP PHONE ( 80 OFF-HOOK ) 
: SET R2424 TO ANSWER NODE 



SET •ORB- BIT TO 



J UPDATE R2424 STATUS 
SET FLAB TO INDICATE HE ARE TO NAIT FOR CARRIER 
AND SO DIRECTLY TO CARRIER-DETECT 
- DO NOT ACCEPT ANY HORE C0HHAND8 



J -C" COHHAND — T086LE TRANSHITTER 



CCC JSR 
BCS 
BEO 

CCONE LDA 
ORA 
BNE 
BNE 

CCZERO LDA 
AND 

QCCC STA 
JSR 
RTS 



6ETNUH 

CCZERO 

CCZERO 

t04 

XHT9 

QCCC 

QCCC 

l$FB 

XHT9 

XHT9 

NEHCX 



BET PARAHETER, IF ANY 
BRANCH IF NO PARAHETER ( ASSUHE ZERO ) 
BRANCH IF PARAHETER « 
PARAHETER =1 -> TURN ON "CC" BIT 
IN HODEH RE6ISTER 

( BRANCH ALNAYS ) 

PARAHETER =0 -> TURN OFF "CC" BIT 



UPDATE HODEH RE6ISTERS 



0756 
0757 
0758 
0759 

0760 FC44 

0761 F£46 

0762 FC49 



A9 20 
OD 09 20 
80 09 20 



PA8E 0017 



}lfftHHH*f«f««HHHHH»«»»t**IHHHHHHt*H«Ht»Htfl«*H«HHHH 



"0" COHHAND — DIAL A NUHBER 



LDA 
ORA 
STA 



l$20 
XHT9 
XHT9 



PUT HODEH IN ORIBINATE HODE 
AND SET TO DIAL 
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0763 FC4C AD OD 20 LDA XHTD 

07MFC4F 29 EF AND l$EF 

0765 FCSl 09 48 ORA 1148 

0766 FCS3 BD OD 20 STA XHTD ; SET CRQ«1 AND DTR»1 

0767 FCS6 20 CE FD JSR NEMCX } UPDATE TRANSHITTER RE6ISTERS 

0768 FC99 2C 08 20 NAITDL BIT XNT8 

0769 FCSC 10 FB BPL NAITDL \ NAIT UNTIL DLO«l 

0770 FCSE AS 8E LDA SB ; DELAY "86" NUNBER OF SECONDS. USE "COHHA" 

0771 FC60 48 PHA ; COHNAND FOR DELAY ROUTINE. TO DO THIS, NE HAVE TO 

0772 FC61 AS 8C LDA S6 ; SAVE THE DRI8INAL VALUE OF "SB" ( IN THIS CASE ON 

0773 FC63 8S 8E STA S8 ; THE STACK ) AND THEN SUBSTITUTE THE VALUE FOR "86' 

0774 FC65 20 IE FB JSR COHHA ; INTO "SB". THIS HILL DELAY "S6' SECONDS. AFTER 

0775 FC68 68 PLA ; THE DELAY IS FINISHED, NE POP THE 0RI6INAL "SB" 

0776 FC69 85 BE STA SB ; VALUE OFF THE STACK AND RETURN IT TO "SB". 

0777 FC6B F7 76 SHB 7,DILFL6 ; SET "DIAL FLAB" TO DIAL SUBSEQUENT NUMBERS 

0778 FC6D F7 BO SHB 7,NAITF6 ; ENABLE NAIT-FOR-CARRIER DELAY 

0779 FC6F 77 77 RHB 7,REVFL6 ; SET FOR NORHAL DIALIN6 

0780 FC71 60 RTS 
0781 

0782 ;tf»itftfHft«ifffff»ffftffffiff«itffftfffttf»fHfifffffffftff»«ttlii«««»tH»ftff* 

0783 

0784 ; "E" COHHAND — T066LE ECH0IN8 CHARS BACK TO HOST SYSTEH 

0785 

0786 FC72 20 BE FD EEE JSR 6ETNUH ; BET PARAHETER, IF ANY 

0787 FC7S BO 06 BCS EZERO ; BRANCH IF NO PARAHETER ( ASSUHE ZERO ) 

0788 FC77 FO 04 BEQ EZERO ; BRANCH IF PARAHETER - 

0789 FC79 F7 79 EONE SHB 7,ECH0Fe ; SET ECHO FLA6 

0790 FC7B DO 02 BNE QECHO ; ( BRA ) 

0791 FC7D 77 79 EZERO RHB 7,ECH0Fe ; CLEAR ECHO FLA6 ( NO ECHO ) 

0792 FC7F 60 QECHO RTS 
0793 

0794 ;»iffftfffffffff«tffift«H»«fl»fHtffifitiHff«tff«H*fHtl«ftftitfftflftf«ffftHftfff 

0795 

0796 J "F" COHHAND — SET HALF/FULL DUPLEX 

0797 

0798 FC80 20 8E FD FFF JSR BETNUH \ 8ET PARAHETER, IF ANY 

0799 FCB3 BO 06 BCS FZERO ; IF NONE, ASSUHE ZERO 

0800 FCa5 FO 04 BEQ FZERO ; BRANCH IF - 

0801 FC87 F7 7A FONE SHB 7,DUPLEX ; SET FOR FULL DUPLEX 

0802 FCB9 DO 02 BNE QFFF ; ( BRANCH ALNAYS ) 

0803 FCBB 77 7A FZERO RHB 7,DUPLEX ; SET FOR HALF DUPLEX 

0804 FCBD 60 QFFF RTS 
0805 

0806 •fffHfffifffiHftfffifiHtflilfHif»i»«li»«f«fffffi«HHf«fft«t«f«HH*fHf«l«Hff 

0807 

0808 ; "H" COHHAND — ON/OFF HOOK 

0809 

0810 FCBE 20 BE FD HHH JSR BETNUH ; SET PARAHETER, IF ANY 

0811 FC91 BO 14 BCS HHZERO j IF NO PARAHETER, ASSUHE ZERO 

0812 FC93 FO 12 BEQ HHZERO ; BRANCH IF PARAHETER « 

0813 FC9S AD OD 20 H1AND2 LDA XHTD ; PARAHETER HUST BE 1 OR 2 (ON THE R2424, THEY 

0814 ; FUNCTION THE SAHE) 

0815 FC9B 09 40 ORA 1140 

0816 FC9A BD OD 20 STA XHTD ; SET XHIT CRQ » 1 
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PA6E 0018 


0817 FC9D 


AD OD 10 


LDA 


RCVD 




0818 FCAO 


09 40 


ORA 


1140 




0819 FCA2 


8D OD 10 


STA 


RCVD 


; SET RCV CR8 « 1 


0820 FCAS 


DO 10 


BNE 


HHSET 


; ( BRANCH ALNAYS ) 


0821 FCA7 


AD OD 20 


KHZERO LDA 


XHTD 


; 60 OFF-LINE ( HAN6 UP } 


0822 FCAA 


29 AF 


AND 


IIAF 




0823 FCAC 


8D OD 20 


STA 


XHTD 


J SET XHIT CRQ « 


0824 FCAF 


AD OD 10 


LDA 


RCVD 




0825 FCB2 


29 BF 


AND 


IIBF 




0826 FCB4 


8D OD 10 


STA 


RCVD 


\ SET RCV CRQ > 


0827 FCB7 


20 CB FD 


HHSET JSR 


NENCXR 


; UPDATE HODEH'S INTERNAL RE6ISTERS 


0878 FCBA 


60 


QHHH RTS 






0829 










0830 










0831 




;Hf«f«f«f«f«fttftftt«»ft»tfftt»»ff«t«f«Hift*H««*«f«fff«»ff«»«t«»#f«f«§«fftf«ftftf 


0832 










0833 




} -I" COHHAMD — RESPOND WITH CHECKSUM OR PRODUCT CODE 


0834 










083S FCBB 


20 40 FF 


III JSR 


CRLF 


; HOVE DOWN TO NEXT LINE 


0836 FCBE 


20 8E FD 


JSR 


8ETNUH 


J BET PARAHETER, IF ANY 


0837 FCCl 


BO 06 


BCS 


IIZERO 


; BRANCH IF NO PARAHETER ( ASSUHE ZERO ) 


0838 FCC3 


FO 04 


BEQ 


IIZERO 


; BRANCH IF PARAHTER » 


0839 FCC5 


A0 2D 


HONE LDY 


ICHKSUH-HS6 


; SEND OUT CHECKSUH 


0840 FCC7 


DO 02 


BNE 


QII 




0841 FCC9 


A0 31 


IIZERO LDY 


IPC0DE-HS6 


; SEND OUT PRODUCT CODE 


0842 FCCB 


20 33 FF 


QII JSR 


HSeOUT 




0843 FCCE 


60 


RTS 






0844 










0845 










0846 




|ftffttfftffififftlft»«ff»«Hf«f*ftffiHtfffftfft«ifHH»itfffff»fftfffffH»fttfHf«HH 


0847 










0848 




; 'H* COHHAND — ENABLE/DISABLE SPEAKER 


0849 










0850 FCCF 


77 7C 


nnn rhb 


7,SPKRFB 


; DISABLE SPEAKER FLA6 


0851 FCDl 


20 8E FD 


JSR 


SETNUH 


5 BET PARAHETER, IF ANY 


0852 FCD4 


BOOD 


BCS 


HHZERO 


; IF NONE, ASSUHE ZERO 


0853 FCD6 


FOOB 


BEQ 


HHZERO 


i BRANCH IF » 


0854 FCD8 


C9 01 


CNP 


101 


; IS IT ONE ? 


0855 FCDA 


DO 02 


BNE 


HHTNO 


; NO »«> LEAVE SPEAKER FLA6 DISABLED 


0856 FCDC 


F7 7C 


NHONE SHB 


7,SPKRF6 


; YES»> ENABLE FLA6 TO TURN SPEAKER OFF AT CARRIwn TONE 


0857 FCDE 


67 01 


HHTMO RHB 


6,PB 


; TURN ON SPEAKER 


0858 FCEO 


4C E5 FC 


JHP 


QHHH 




0859 FCE3 


E7 01 


HHZERO SHB 


6,PB 


; DISABLE SPEAKER 


0860 FCE5 


60 


QMNH RTS 






0861 










0862 










0863 




> JtJLJI,JlS.JlJLJtJlXJLXJLJtJLlt.ltJtJLJtJtJtJtJtJlJtJlXJtxa,XX,JLJlAJlA&it&AKAJlJLJLAlLJL&JlJL&&Jl&JtJLJLJLJtJtJLJLJLJLltJLlLJiJlitJllLJlJlJI 


0864 










0865 










0866 




; "0" COHHANI 


) — BOON-LINE 


0867 










0868 FCE6 


20 95 FC 


000 JSR 


H1AND2 


; PICK UP PHONE ( 60 OFF-HOOK ) 


C869 FCE9 


F7 80 


SHB 


7,ilAITFB 


; ENABLE CARRIER TEST 


0870 FCEB 


4C F6 FD 


JHP 


CARTIH 


\ AND 60 DIRECTLY TO CARRIER-DETECT ... 
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0871 
0872 
0873 
0874 
087S 

0876 FCEE 

0877 FCFl 



AD 08 20 
29 FO 



;HtffififffffflfHfffififtHfffffttffflfii»ffftfffHHff§fHtf§fffffHtfffifHH 



'P' COHHAND — PULSE DIAL 



PPP 



LDA 
AND 



XHTB 
l$FD 



; SET PULSE/TONE BIT TO 



0878 FCF3 8D OB 20 

0879 FCF6 20 CE FD 

0880 FCF9 60 
0881 

0882 
0883 
0884 



0886 FCFA 

0887 FCFD 

0888 FCFF 

0889 FDOl 

0890 FD03 

0891 FDOS 

0892 FD07 
0893 
0894 
089S 
0896 
0897 
0898 

0899 FDOS 

0900 FDOB 

0901 FDOD 

0902 FDOF 
0903 

0904 FDU 

0905 FD13 

0906 FDIS 

0907 FD17 

0908 FDIA 

0909 FDID 

0910 FDIF 

0911 FD22 

0912 FD2S 

0913 FD27 

0914 FD2A 
0913 FD2C 

0916 FD2F 

0917 FD32 
0918 

0919 FD33 

0920 FD3S 

0921 FD37 



20 8E FD 
BO 06 
F0 04 
F7 7B 
DO 02 
77 7B 
60 



7F 76 28 
AS 41 
C9 18 
F0 21 

77 76 
F7 77 
A9 20 
OD 09 20 
8D 09 20 
A9BF 
2D OD 10 
8D OD 10 
A9BF 
2D OD 20 
09 20 
8D OD 20 
20 CB FO 
60 

A9 04 
85 7D 
4C EO FD 



STA XHTB 
JSR NEMCX 
RTS 



PA6E 0019 



; UPDATE TRANSHITTER RE6ISTERS 



;fffftffii«f§imf«tftii»«ff»fftHfiffiffftfft*tftftft«ftffH§ftffiffftfffifHf»ffff 

; "Q" COHHAND -- TUSSLE SENDINS RESULT C0DE/HESSA6E 



QQQ JSR 
BCS 
BEQ 

QQONE SHB 
BNE 

BQZERO RHB 

QQ RTS 



6ETNUH 

QQZERO 

BQZERO 

7,RSLTFS 

BQ 

7,RSLTF8 



SET PARAHETER, IF ANY 

BRANCH IF NO PARAHETER ( ASSUHE ZERO ) 

BRANCH IF PARAHETER > 

SET FLA6 ( ENABLE PROHPTS ) 

( BRA ) 

CLEAR FLA6 ( DISABLE PROHPTS ) 



;Hfifffftffftf§fffffffffffffffiHfffffffliffffffftftffffitffffft«fflfifUtffifffftf 

} "R" COHHAND — SET DIAL FOR REVERSE NODE 




; 

RRR 



( TO DIAL AN 0RI6INATE-0NLY HODEH ) 



BBR 
LDA 
CHP 
BEB 



RHB 
SHB 
LDA 
ORA 
STA 
LDA 
AND 
STA 
LDA 
AND 
ORA 
STA 
JSR 
8RRR RTS 

RERROR LDA 
STA 
JHP 



7,DILFL6,RERR0R 

BAUD 

124 



7,DILFL6 

7,REVFL6 

1120 

XHT9 

XHT9 

IIBF 

RCVD 

RCVD 

IIBF 

XHTD 

l$20 

XHTD 

NEHCXR 



1104 

STCODE 

CR 



; BRANCH IF "R" ENTERED NHILE NOT DIALIN6 (ERROR) 
; ARE NE RUNNIN6 AT 2400 BAUD ? 

YESm) "REVERSE' NODE NOT EASILY DONE AT 2400 SINCE 

"ANSMER" TONE SOES ANAY AFTER 3 SECONDS. 
NO «s> 300/1200 ~> DISABLE FURTHER D1ALIN8 
SET FLA6 TO INDICATE REVERSE DIALIN6 
SET "ORS" BIT TO 1 



; SET RECEIVER'S 'CRB' BIT TO 

SET TRANSHITTER'S "CRB" BIT TO 
AND 'DATA' BIT TO 1 



UPDATE RE6ISTERS 
; AND RETURN 



; SET STCODE FOR ERROR 

; AND TERHINATE COHHAND STRIN6 EXECUTION 
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0922 










0923 




\1tW'k*'ki§n 


*ti»ft«ffftff«UfH«§fH1 


(ffffflfttftfffftffiHtfffffffHfffftftfffifH 


0924 










0925 




\ "S" COHHAND — IDENTIFY S-RE61STER FOR FUTURE ACCESS 


0926 










0927 FD3A 


A9B6 


SSS LDA 


KSO 


START WITH BASE ADDRESS 


0928 FD3C 


85 84 


STA 


SRE6P 




0929 FD3E 


20 8E FD 


JSR 


6ETNUH 


SET NUMBER OF S-RE6ISTER 


0930 FD41 


80 14 


BCS 


QSSS 


BRANCH IF NO PARAMETER FOUND 


0931 ?m 


FO 12 


BEQ 


QSSS 


BRANCH IF PARAMETER » ( ALREADY SET UP ) 


0932 FD45 


85 98 


STA 


NUH 


SAVE VALUE 


0933 F047 


20 8E FD 


JSR 


8ETNUH 


SET ONES DIBIT, IF ANY 


0934 FD4A 


80 04 


BCS 


SS2 


BRANCH IF ONLY ONE DIBIT 


0935 FD4C 


69 OA 


ADC 


110 


TENS DI6IT COULD ONLY BE A M" 


0936 FD4E 


85 98 


STA 


NUH 




0937 FD50 


A5 98 


SS2 LDA 


NUN 




0938 FDS2 


18 


CLC 







0939 FD53 

0940 FD55 

0941 FD57 

0942 FD59 
0943 
0944 
0945 
0946 
0947 

0948 FD5A 

0949 FD5D 

0950 FD5F 

0951 FD62 

0952 FD65 
0953 
0954 
0955 
0956 
0957 

0958 FD66 

0959 FD69 

0960 FD6B 

0961 FD6D 

0962 FD6F 

0963 FD71 

0964 FD73 
0965 
0966 
0967 
0968 
0969 

0970 FD74 

0971 FD77 

0972 FD79 



65 84 
85 84 
F7 83 
60 



AD 06 20 
09 02 
8D OB 20 
20 CE FD 
60 



20 BE FD 
BO 06 
FO 04 
F7 7E 
DO 02 
77 7E 
60 



20 8E FD 
80 06 
F0 04 



ADC SREBP 

STA SREBP 

QSSS SMB 7,SSETF6 
RTS 



PASE 0020 

\ ADD IN BASE ADDRESS 

I AND STORE IN POINTER 

; SET FLA6 TO INDICATE AN S-RE6 HAS BEEN SET 



!fftf«ffftf«i«tff»§«ttf«»«fftff§»ftft«HHtfHt»i»HHf*ffffiift»fftffHtHflffififfffif 



TTT 



"T» COMMAND — 

LDA XMTB 

ORA 1102 

STA XMTB 

uSR NEHCX 
RTS 



TOUCH-TONE DIAL 

; SET PULSE/TONE BIT TO 1 

; UPDATE TRANSMITTER REBISTERS 



;Ht«t«f«»fHHffHftff«HHf«Hf»H*ft«tftHiffft»«Hft«»ffiHfftf«fflf»«HtfHHfi 

: "V" COMMAND — SET VERBAL/NUMERIC RESPONSE 



VVV JSR 8ETNUM 

BCS VZERO 

BEQ VZERO 

VONE SMB 7,VC0DE 

BNE QVVV 

VZERO RMB 7,VC0DE 

BVVV RTS 



; BET PARAMETER, IF ANY 
IF NONE, ASSUME ZERO 
BRANCH IF s 
SET FOR VERBAL RESPONSE 
( BRANCH ALNAYS ) 
SET FOR NUMERIC RESPONSE 



;#«fftHf«»ff«ifHIHtfftl«f«»i»iHitffti»«lfffffHi«i«f«f«fftftf»«««HifHf«tltfHff 

} "X- COMMAND — • ENABLE/DISABLE EXTENDED RESPONSE CODES 
XXX JSR 



8ETNUM 
BCS XZERO 
BEQ XZERO 



$ SET PARAMETER, IF ANY 
J ASSUME ZERO, IF NONE 
\ BRANCH IF s 
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0973 FD7B 


F7 7F 


XONE 8HB 


7,XC0DE ; SET FOR EXTENDED CODES 


0974 FD70 


DO 02 


BNE 


QXXX 


0975 FD7F 


77 7F 


XZERO RNB 


7,XC0DE ; SET FOR NORHAL CODES 


0976 FD81 


60 


QXXX RTS 




0977 








0978 




;HHft»fffHf 


ffHtfHiffftflffffHfftff«fffffHHfitftif»f#tftfHtfff»ffff»«fiffi 


0979 








0980 




} "Z" COHHAND — SOFTMARE RESET 


0981 








0982 FD82 


20 E8 FE 


ZZZ JSR 


RESPNS ; SEND OUT RESPONSE, IF ENABLED 


0983 FOBS 


20 40 FF 


JSR 


CRLF 


0984 FD88 


7F 16 FD 


ZZNAIT BBR 


7,SCSR,ZZNAIT ; NAIT UNTIL ALL CHARS HAVE BEEN SENT OUT 


098S FD8B 


4C 00 F8 


JHP 


RESET : THEN RESTART 



PA6E 0021 



0987 
0988 
0989 
0990 
0991 

0992 FD8E 

0993 FD90 

0994 FD92 

0995 FD94 

0996 FD96 

0997 FD98 

0998 FD99 

0999 FD9B 

1000 FD9D 

1001 FD9E 
1002 
1003 
1004 
1005 

1006 FD9F 

1007 FDAl 

1008 FDA3 

1009 PDAS 

1010 FDA7 

1011 PDAS 

1012 FDAA 

1013 FDAD 

1014 FDAF 

1015 FDBl 

1016 FDB3 

1017 FOBS 

1018 FDB7 

1019 FDB8 

1020 FDBA 

1021 FDBD 

1022 FDBF 

1023 FDCl 

1024 FDC3 
1025 



BS4C 
C9 30 
90 09 
C9 3A 
BO 06 
E8 

29 OF 
90 01 
38 
60 



AOOO 
C9 64 
90 05 
E9 64 
C8 

D0F7 
20 C4 FD 
84 9A 
AOOO 
C9 0A 
90 05 
E9 0A 
C8 

D0F7 
20 C4 FD 

84 99 
09 30 

85 98 
60 



; CHECK THE NEXT CHAR IN "INBUFF". IF IT IS AN ASCII NUHBER (0-9), 

; FETCH IT, HASK OFF HSN, INCREHENT COHHAND STRIN6 POINTER ( RE6-X ), 

; CLEAR CARRY AND RETURN. 

; IF CHAR IS NOT A NUHBER, SET CARRY AND RETURN. 

6ETNUH LDA INBUFF,X ; BET CHAR FROH BUFFER 

CHP t'O' J IS IT LESS THAN '0' ? 

BCC NOTNUH ; YES»> QUIT 

CHP l'9'+l 5 NO ««> IS IT 6REATER THAN '9' ? 

BCS Q6ETN \ YES-»> QUIT 

INX ; NO s»> INCREHENT INBUFF POINTER 

AND l$0F $ HASK OFF TOP-HOST 4 BITS 

BCC Q6ETN ; AND RETURN 

NOTNUH SEC ; INDICATE CHAR IS NOT AN ASCII NUHBER 

Q6ETN RTS ; AND RETURN 

;HffffffHfftfff§fifHI»ifHHt«f«fftffft«H»ffftHlifi»«ff»ff«H»iHftffliHffH 

; ROUTINE TO CONVERT FROH HEX BYTE TO 3-DI6IT ASCII DECIHAL 
; ( PAGE 154 '6502 SOFTNARE DESI8N' ) . 




HX2ASC LDY 

HX2 CHP 
BCC 
SBC 
INY 
BNE 

60THUN JSR 
STY 
LDY 

HX3 CHP 
BCC 
SBC 
INY 
BNE 

60TTEN JSR 
STY 
ORA 
STA 
RTS 



too 

1100 

60THUN 

1100 

HX2 

HCONV 

NUH+2 

too 

110 

60TTEN 

flO 

HX3 

HCONV 

NUHH 

1130 

NUN 



; FIND NUHBER OF HUNDREDS 



; CONVERT TO ASCII 
I AND SAVE IT 

) FIND NUHBER OF TENS 



; CONVERT TO ASCII 
\ SAVE TENS DI6IT 

; SAVE ONES DI6IT 



4-33 



Application Note 



R6500/11 • R2424 Intelligent Modem Design 



1026 FDC4 


48 


HCDNV PHA 




1027 F0C5 


98 


TYA 




1028 FDC6 


09 30 


ORA 


#$30 


1029 F0C8 


A8 


TAY 




1030 FDC9 


68 


PIA 




1031 FDCA 


60 


RTS 




1032 




;Hf«HffHf 


«f«fff^ 


1033 








1034 F0CB 


20 D7 FD 


NFHCXR m 


NEHCi 


1035 








1036 FOCE 


A9 08 


NEHCX IDA 


l$08 


1037 FDDO 


00 OE 20 


ORA 


XMTE 


1038 FD03 


8D OE 20 


STA 


XHTE 


1039 FD06 


60 


RTS 




1040 








1041 FDD7 


ft9 08 


NEMCR IDA 


1108 


1042 FDD9 


OD OE 10 


ORA 


RCVE 


1043 FDOC 


8D OE 10 


STA 


RCVE 


1044 FDDF 


60 


RTS 





CONVERT ABSOLUTE NUHBER TO ASCII 



;Hf«HffHHf«ffHffHffHf«HtfHHHHHffHtf»««fHi«tf»fHHHf«Ht»lftfftl« 



UPDATE BOTH RECEIVER AND TRANSMITTER REBS 



; UPDATE HODEH'S TRANSMITTER RE6ISTERS 



; UPDATE HODEH'S RECEIVER RE6I8TERS 



PA6E 0022 



1046 
1047 
1048 
1049 
1050 

1051 FDEO 

1052 FDE2 

1053 FDE4 

1054 FDE7 

1055 FDE9 

1056 FDEC 

1057 FDEE 
1058 

1059 FDFl 

1060 FDF3 
1061 
1062 
1063 
1064 
1065 
1066 
1067 

1068 FDF6 

1069 FDF9 

1070 FDFB 

1071 FDFD 

1072 FEOO 

1073 FE03 

1074 FE06 



A5 7D 
DO 31 
7F 80 2E 
A9 01 
2C OE 20 
FOFB 
FF 77 05 

A9 FF 
8D 00 20 



20 D3 FE 
A5 8D 
85 46 
4F 01 18 
8F 16 03 
7F 81 F7 
57 12 



;H»iHHHHH»lt«HHU««»«HHffH»«fff«Hf«tlfftftHftHH»«HHIftH»ftH»«ft«f« 

$ *<CR>" COKHAND — CARRIAGE RETURN: SEND OUT RESPONSE HESSA6E 
; OR 60 INTO DATA NODE IF REQUESTED AND 

: IF CARRIER SI8NAL ACTIVE. 



CR 



IDA 
BNE 



IDA 
NAITDB BIT 

BEQ 
CR2 BBS 

LDA 
STA 



CARTIH JSR 
LDA 
STA 

NCARIR BBR 



NOCARR RHB 



STCODE 

HOP 

7,>IAITF6,H0P 

HOI 

XHTE 

NAITDB 

7,REVFLB,CARTIH 

#$FF 
XHTO 



STRTB3 

87 

DELAYS 

4,PB,60TCAR 

0,SCSR,NOCARR 

7,HAITC,NCARIR 

S,IER 



; CHECK STATUS OF PREVIOUS COHHANDS 
; BRANCH IF NOT "OK" 

; BRANCH IF NE ARE NOT TO NAIT FOR A CARRIER SI6NAL 
; NAIT UNTIL DIAL REGISTER IS EHPTY 
EMPTY YET ? 
NO as) CHECK AGAIN ... 
YES«> CHECK FOR "REVERSE" DIAL -> BRANCH IF 

NE ARE REVERSE DIALING ( DON'T CLOSE OUT DIALING JUST YET) 
MUST BE 2400 OR NORHAL 300/1200 BAUD DIAL. 
-> CLOSE DIAL MODE AND 60 TO DATA MODE. 

IF NE HERE AT 300 BAUD AND DIALING "REVERSE" 
MODE THEN HE NOULD HAVE TO NAIT FOR A CARRIER 
SIGNAL BEFORE REVERSING THE MODEM TO "ANSNER" 
MODE. THEN HE NRITE AN $FF TO "XHTO" TO CLOSE 
OUT THE DIAL SEQUENCE. 

START CNTR-B FOR SECONDS-LONG TIME INTERVAL 

SET UP SECONDS COUNTER ( SET BY "COMMA" CQMHAND ) 

BRANCH IF CARRIER DETECTED 
BRANCH (EXIT) IF A KEY HAS BEEN TYPED 
BRANCH IF NAIT TIME HAS NOT EXPIRED 
DISABLE TIMER B IRQ 
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1075 FE08 

1076 PEOA 

1077 FEOC 

1078 FEOE 

1079 FEIO 

1080 FE12 

1081 FEIS 
1082 

1083 FE18 

1084 FEIA 

1085 FEIC 

1086 FEIF 

1087 FE21 

1088 FE23 

1089 FE26 

1090 FE28 

1091 FE2B 

1092 FE2D 

1093 FE2F 

1094 FE31 

1095 FE34 

1096 FE37 

1097 FE3A 

1098 FE3C 

1099 FE3E 

1100 FE41 

1101 FE44 

1102 FE46 

1103 FE48 

1104 FE4ft 

1105 FE4C 

1106 FE4E 



A5 IC 
77 80 
87 01 
A9 03 
85 7D 
20 A7 FC 
4C AF FE 

57 12 
A9 FF 

80 00 20 
A9 01 

85 70 

7F 7C 02 

E7 01 

20 E8 FE 

07 01 

A9 00 

85 82 

20 BE FE 

4F 01 11 

20 C9 FE 

A5 90 

85 46 

FF 81 C5 

CF 01 FA 

A5 16 

57 12 

A5 16 

29 OF 

FO E6 
4A 



HOP 



LDA 
RHB 
SHB 
LDA 
STA 
JSR 

m 



8DTCAR RHB 
LDA 
STA 
LDA 
STA 
BBR 
SHB 

60TCR1 JSR 
RHB 

60TCR2 LDA 
STA 

60TCR3 JSR 

INCHAR BBR 
JSR 
LDA 
STA 

CARCK2 BBS 
BBS 
LDA 
RHB 

INCHR2 LDA 
AND 
BEQ 

CHKCHR LSR 



CMTBCL 

7,«AITFB 

0»PB 

l$03 

STCODE 

HHZERO 

NOHAIT 

5,IER 

t$FF 

XHTO 

l$01 

STCODE 

7,SPKRFB,60TCR1 

6,PB 

RESPNS 

0,PB 

too 

ESCCNT 

STRTBl 

4,PB,INCHR2 

STRTB2 

SIO 

DELAYS 

7,HAITC,N0£ARR 

4,PB,CARCK2 

SCSR 

5,IER 

SCSR 

l$OF 

INCHAR 

A 



AND CLEAR CNTB FLAB 
TURN OFF MAIT FLAB 
DIRECT ALL OUTPUT TO HOST SYSTEH 
INDICATE "NO CARRIER" 

HANS UP THE PHONE .... 
AND RETURN TO "RESTRT" 

60T A CARRIER -> DISABLE TIHER B IRQ 
FINISH UP DIALIN6 (IN CASE OF REVERSE DIAL) 

INDICATE CARRIER DETECTED 

LEAVE SPEAKER ALONE IF FLAS IS NOT SET 
CARRIER DETECTED -> TURN SPEAKER OFF 
AND OUTPUT " CONNECT" HESSABE, IF ENABLED 
THEN DIRECT ALL OUTPUT TO HODEH 
RESET ESCAPE CODE COUNTER 

START TIHER-B FOR 8UARD-TIHE COUNTER 

BRANCH IF CARRIER STILL DETECTED 

CARRIER LOST -> WAIT FOR SIO TENTHS-QF-SECONDS 

FOR CARRIER TO RETURN - OTHERWISE INDICATE 

LOSS OF CARRIER AND RETURN TO COHHAND HODE 
BRANCH IF THE TIHE-QUT FLA6 60ES TRUE 
BRANCH IF CARRIER STILL LOST 

CARRIER DETECTED A6AIN BEFORE TIHE-OUT->CLEAR SERIAL FLABS 
DISABLE IRQ 

NAIT FOR RECEIVED CHAR FROH HOST COHPUTER 
CHAR RECEIVED ? 
NO ==> CHECK ABAIN 
YES«> CHECK FOR PROPER RECEPTION 




PA6E 0023 



1107 FE4F 


BO 06 


BCS 


CHKOK 


1108 FESl 


A9 04 


LDA 


104 


1109 FE53 


85 7D 


STA 


STCODE 


1110 FE55 


DO 58 


BNE 


NONAIT 


nil 








1112 FE57 


A5 17 


CHKOK LDA 


SRDR 


1113 FE59 


20 51 FF 


JSR 


CHROUT 


1114 FE5C 


FF 7A OA 


BBS 


7,DUPLE)(,ESCCHK 


1115 FE5F 


87 01 


SHB 


0,PB 


1116 FE61 


20 51 FF 


JSR 


CHROUT 


1117 FE64 


6F 16 FD 


NAITDP BBR 


6,SCSR,NAITDP 


1118 FE67 


07 01 


RHB 


0,PB 


1119 








1120 




; NON CHECK FOR POSSIBLE ESCI 


1121 








1122 FE69 


CS88 


ESCCHK CHP 


S2 


1123 FE6B 


DO C4 


BNE 


60TCR3 


1124 FE6D 


A5 82 


LDA 


ESCCNT 


1125 FE6F 


FO 06 


BEQ 


ESCHK2 



BRANCH IF CHAR OK 

CHAR NOT OK -> ERROR .... 

INDICATE ERROR AND START OVER ( BRA ) 

CHAR OK -> FETCH IT 

AND SEND IT TO HODEH 
BRANCH IF CHAR IS NOT TO BE ECHOED BACK 
ECHO -> DIRECT OUTPUT TO HOST COHPUTER 
ECHO CHAR BACK 
WAIT UNTIL CHAR IS SENT OUT 

AND REDIRECT OUTPUT BACK TO HODEH 



WAS CHAR AN "ESCAPE" CHAR ? 

NO ==> BET NEXT CHAR 

YES==> IS IT THE FIRST "ESCAPE" CHAR ? 

YES~> CHECK FOR ELAPSED TIHE SINCE PREV CHAR 
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1126 FE71 

1127 FE73 

1128 FE75 

1129 FE77 

1130 FE7ft 

1131 FE7C 

1132 FE7E 

1133 FE80 

1134 FE82 

1135 FE85 
1136 

1137 FE88 

1138 FE8B 

1139 FE8D 

1140 FE8F 

1141 FE92 

1142 FE95 

1143 FE97 

1144 FE99 
1145 

1146 FE9B 

1147 FE9D 

1148 FE9F 

1149 FEAl 
1150 
1151 
1152 
1153 

1154 FEA4 

1155 FEftb 

1156 FEft9 
1157 
1158 

1159 FEAB 

1160 FEAD 

1161 FEAF 

1162 FEBO 

1163 FEBl 

1164 FEB4 

1165 FEB6 

1166 FEB8 
1167 



24 81 
30 B8 
10 03 
7F 81 B7 
E6 82 
A5 82 
C9 03 
DO AF 
20 BB FE 
4F 01 13 

20 C9 FE 
A5 90 
85 46 
FF 81 AC 
CF 01 FA 
AS 16 
57 12 
DO 92 

A5 16 
29 OF 
DO 8C 
7F 81 El 



57 12 
6F 16 FD 
87 01 



A9 00 
85 7D 
68 
68 

20 E8 FE 
A9 00 
85 87 
4C 16 F8 



BIT 

BHl 

BPL 

ESCHK2 BBR 

ESCHK3 INC 

LDA 

CHP 

BKE 

JSR 

LSTCHK BBR 

JSR 
LDA 
STA 
CARCK3 BBS 
BBS 
LDA 
RHB 
BNE 

LSTCK2 LDA 
AND 
BNE 



ESCAPE R«B 

ESC2 BBR 

SHB 



LDA 
STA 
NDMAIT PLA 
PLA 
JSR 
LDA 
STA 
JHP 



MAITC 

B0TCR2 

ESCHK3 

7,«AITC,60TCR3 

ESCCNT 

ESCCNT 

t03 

S0TCR3 

STRTBl 

4,PB,LSTCK2 

STflTB2 

SIO 

DELAYS 

7,WAITC,CARCK2 

4,PB,CARCK3 

SCSR 

5,IER 

S0TCR2 

SCSR 

t$OF 

60TCR2 

7,NAITC,LSTCHK 



5,IER 

6,SCSR,ESC2 

0,PB 



«00 
STCODE 



RESPNS 

too 

SI 
RESTRT 



HAS 6UARD TIHE ELAPSED ? 

YES»s> HAITED TOO LONS; ESCAPE NO LQN6ER VALID 

NO =::> ADD 1 TO ESCAPE COUNT ( BRANCH ALNAYS ) 

BRANCH IF &UARD TINE HAS NOT ELAPSED 

INCREHENT ESCAPE CODE COUNTER 

IS THIS THE THIRD SEQUENTIAL "ESCAPE" CODE ? 

NO «> SET NEXT CHAR 

YES«> RESTART BUARD-TIHER 

NQN HAIT FOR 1 BUARD-TIHE INTERVAL FOR A CHARACTER 

( BRANCH IF CARRIER IS OK ) 

CARRIER LOST -> NAIT FOR SIO TENTHS-OF-SECONDS 

FOR CARRIER TO RETURN - OTHERNISE INDICATE 

LOSS OF CARRIER AND RETURN TO COHHAND NODE 
BRANCH IF THE TIHE-OUT FLA8 60ES TRUE 
BRANCH IF CARRIER STILL LOST 

CARRIER DETECTED A6AIN BEFORE TIHE-OUT->CLEAR SERIAL FLAGS 
DISABLE IRQ 
LOSS OF CARRIER ABORTS ESCAPE SEQUENCE -> BRANCH ALNAYS 



IF A CHARACTER HAS BEEN ENTERED BEFORE 
THE 6UARD-TIHE INTERVAL HAS ELAPSED, THEN THE ESCAPE 
SEQUENCE IS ABORTED AND CHAR IS HANDLED IN THE 
USUAL FASHION ( AT "CHKCHR" ). IF TIHER HAS 
ELAPSED THEN ESCAPE SEQUENCE IS COMPLETED NITH A 
RETURN TO COHHAND HODE. 

STOP TIHER B IRQ 

WAIT UNTIL ALL CHARS ARE TRANSHITTED OUT 

THEN DIRECT OUTPUT TO HOST COMPUTER 



RESET RESULT CODE TO "OK" 

BET RID OF RETURN ADDRESS FROM "3SR DOCHD" 

( OR "JSR AAA" AT LABLE "ANSHER- ) 
SEND OUT RESPONSE, IF ENABLED 
RESET RING COUNTER TO ZERO 

AND START ALL OVER ABAIN 



PABE 0024 



1168 




• f»«H»«Ht 


«HHt«H» 


1169 








1170 




; 1/50 SEC (20HS) Dl 


1171 








1172 FEBB 


A5 92 


STRTBl LDA 


S12 


1173 FEBD 


85 46 


STA 


DELAYS 


1174 FEBF 


57 12 


RHB 


5,IER 


1175 FECI 


A9 01 


LDA 


tESCDLY 


1176 FEC3 


A2 9C 


LDX 


KESCTIH 



; SET DELAY COUNTER FOR NUMBER OF 20HS BUARD-TIHE INTERVALS 

; DISABLE IRQ 

; SET UP DELAY PARAMETERS 
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1177 FEC5 


AO 47 


LDY 


•>ESCTIH 




1178 FEC7 


DO 12 


BNE 


STRTIH 


; ... AND START TIHER ... 


1179 










1180 




; 1/10 SEC DELAY 




1181 










1182 FEC9 


57 12 


STRTB2 R«B 


5,IER 


; DISABLE IRQ 


1183 FECB 


A9 10 


IDA 


IDLYHIB 


; SET UP DELAY PARAHETERS FOR 1/10 SEC 


1184 FECD 


A2 60 


LDX 


KTENTHD 




1185 FECF 


A0 67 


LDY 


DTENTHD 




1186 FEDl 


DO 08 


BNE 


STRTIH 


; ... AND START TIHER ... ( BRA ) 


1187 










1188 




; 1 SECOND DELAY 




1189 










1190 FED3 


57 12 


STRTB3 RHB 


5,IER 


; DISABLE IRQ 


1191 FEDS 


A9 10 


LDA 


IDLYHIB 


; SET UP DELAY PARAHETERS FOR 1 SEC. DELAY 


1192 FED7 


A2 9C 


LDX 


KDLYTIH 




1193 FE09 


AO EO 


LDY 


DDLYTIH 




1194 FEDB 


86 iC 


STRTIH SIX 


CNTBCL 


; LOAD COUNTER-B 


1195 FEDD 


84 IE 


STY 


CNTBHL 




1196 FEDF 


85 44 


STA 


DELAYC 


; SET IRQ COUNTER 


1197 FEEl 


85 45 


STA 


DELAYT 




1198 FEE3 


77 81 


RHB 


7,«AITC 


; SET TIHE-OUT FLAB FALSE 


1199 FEES 


D7 12 


SHB 


S,IER 


J ENABLE CNTR-B IRQ 


1200 FEE7 


60 


RTS 







PA6E 0025 




1202 FEES 


20 40 FF 


RESPNS JSR 


CRLF 


1203 FEEB 


FF 7B IE 




BBS 


7,RSLTF6,QRSP 


1204 FEEE 


AS 7D 




LDA 


STCODE 


1205 FEFO 


C9 01 




CHP 


l$01 


1206 FEF2 


DO OD 




BNE 


RSP2 


1207 FEF4 


7F 7F OA 




BBR 


7,XC0DE,RSP2 


1208 FEF7 


A4 41 




LDY 


BAUD 


1209 FEF9 


CO 03 




CPY 


1103 


1210 FEFB 


FO 04 




BEQ 


RSP2 


1211 FEED 


A9 05 




LDA 


tios 


1212 FEFF 


85 7D 




STA 


STCODE 


1213 FFOl 


FF 7E 09 


RSP2 


BBS 


7,VC0DE,VERBAL 


1214 FF04 


09 30 


NUHERC ORA 


l$30 


1215 FF06 


20 51 FF 




JSR 


CHROUT 


1216 FF09 


20 40 FF 




JSR 


CRLF 


1217 FFOC 


60 


QRSP 


RTS 




1218 










1219 FFOD 


A4 7D 


VERBAL LDY 


STCODE 


1220 FFOF 


FO 20 




BEQ 


RSPOK 


1221 FFU 


88 




DEY 




1222 FF12 


FO 19 




BEQ 


RSPCAR 


1223 FF14 


88 




DEY 




1224 FF15 


FO 12 




BEQ 


RSPRN6 


1225 FF17 


88 




DEY 




1226 FF18 


FO OB 




BEQ 


RSPNC 


1227 FFIA 


88 




DEY 




1228 FFIB 


FO 04 




BEQ 


RSPERR 



BRANCH IF STATUS RESPONSE IS DISABLED 

8ET CODE VALUE 

IF "CARRIER" RESPONSE, CHECK FOR EXTENDED CODE 

NOT "CARRIER" -> BRANCH ... 

BRANCH IF EXTENDED CODE SET IS NOT TO BE USED 

IS SYSTEH RUNNIN6 AT 1200 BAUD ? 

NO »=> BRANCH ... 

YES==> INDICATE 1200/2400 BAUD CARRIER 

AND SAVE IT 

BRANCH IF RESPONSE IS TO BE VERBAL 
CONVERT RESPONSE CODE TO ASCII 

AND SEND IT OUT 

FOLLONED BY <CR/LF> 
RETURN 

DETERHINE NHICH HESSASE TO SEND OUT 
J »> "OK" 

I 1 ==> -CARRIER" 

J 2 a«> "RIN6" 

I 3 «> "NO CARRIER" 

; 4 ==> "ERROR" 
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1229 










1230 FFID 


AO IC 


RSPC12 LDY 


tC0N12H-WSB 


J 5 «> "CONNECT 1200/2400" 


1231 FFIF 


DO 12 


BNE 


KS80UT 




1232 FF21 


AO 17 


RSPERR LDY 


IERRHS6-f1S6 




1233 FF23 


DO OE 


BNE 


nS80UT 




1234 FF25 


AO OD 


RSPNC LDY 


«NQCARn-HS6 




1235 FF27 


DOOA 


BNE 


HS60UT 




1236 FF29 


A6 09 


RSPRN6 LDY 


IRN6HSe-nS8 




1237 FF2B 


DO 06 


BNE 


HS60UT 




123B FF2D 


A0 02 


RSPCAR LDY 


«CARHS6-nS6 




1239 FF2F 


DO 02 


BNE 


HS60UT 




1240 FF31 


AOOO 


RSPOK LDY 


«0KnsB-ns8 




1241 










1242 FF33 


B9 7A FF 


HSeOUT LDA 


nsB.Y 


; 8ET CHAR FROK KESSA6E TABLE 


1243 FF36 


48 


PHA 




f SAVE CHARACTER 


1244 FF37 


C8 


INY 




POINT TO NEXT CHAR 


1245 FF38 


29 7F 


AND 


l$7F 


NASK OFF USB 


1246 FF3A 


20 51 FF 


JSR 


CHROUT 


AND SEND OUT CHAR 


1247 FF3D 


68 


PLA 




RESTORE SIBN BIT 


124B FF3E 


10 F3 


BPL 


nseouT 


BRANCH IF nORE CHARS TO BE SENT 


1249 FF40 


A5 89 


CRLF LDA 


S3 


( S3 CONTAINS CURRENT <CR> ) 


1250 FF42 


20 51 FF 


JSR 


CHROUT 


SEND OUT <CR> 


1251 FF45 


7F 7E 05 


BBR 


7,VC0DE,WAITLF 


BYPASS <LF> IF NUMERIC RESPONSE SELECTED 


1252 FF48 


A5 8A 


LDA 


S4 


( S4 CONTAINS CURRENT <LF> ) 


1253 FF4A 


20 51 FF 


JSR 


CHROUT 


OUTPUT <LF> 


1254 FF4D 


7F 16 FD 


NAITLF BBR 


7,SCSR,«AITLF 


NAIT UNTIL <LF> IS FINISHED 


1255 FF50 


60 


RTS 




THEN RETURN 


1256 










1257 FF51 


6F 16 FD 


CHROUT BBR 


6,SCSR,CHR0UT 


NAIT TILL TRANSMITTER BUFFER IS EHPTY 


1258 FF54 


85 17 


STA 


STDR 


THEN SEND OUT CHAR 


1259 FF56 


60 


RTS 







PA6E 0026 



1261 












1262 




; INTERRUPT SERVICE ROUTINE 




1263 












1264 FF57 


48 


ISR 


PHA 






1265 FF58 


A5 IC 




LDA 


CNTBCL 


; CLEAR TIHER B FLA6 


1266 FF5A 


FF 78 OD 




BBS 


7, IRQFL6, CARIER 


J BRANCH IF IRQ IS FOR H 


1267 FF5D 


A5 00 




LDA 


PA 


; ECHO SERIAL IN TO SER 


1268 FF5F 


OA 




ASL 


A 




1269 FF60 


90 04 




BCC 


SETO 




1270 FF62 


E7 00 


SETl 


SMB 


6,PA 




1271 FF64 


60 12 




BCS 


8ISR 


; (BRANCH ALNAYS) 


1272 FF66 


67 00 


SETO 


RHB 


6,PA 




1273 FF68 


90 OE 




BCC 


QISR 


; (BRANCH ALNAYS) 


1274 












1275 FF6A 


C6 44 


CARIER DEC 


DELAYC 


5 IS TIMER COUNTER « ? 


1276 FF6C 


DO OA 




BNE 


QISR 


; NO ==> RETURN 


1277 FF6E 


A5 45 




LDA 


DELAYT 


J YES«> RESET IT 
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1278 FF70 


85 44 




STA 


DELAYC 




1279 FF72 


C6 46 




DEC 


DELAYS 


; IS SECONDS COUNTER » ? 


1280 FF7* 


DO 02 




BNE 


QISR 


; NO s-> RETURN 


1281 FF76 


F7 81 




SHB 


7,NAITC 


J YES«> SET TIHE-OUT FLAG 


1282 FF78 


68 


QISR 


PLA 






1283 FF79 


40 


NHIRTN RTI 






1285 FF7A 




HS6 


s 


« 




1286 












1287 FF7A 


4F 


OKHSB 


.SBY 


'OK' 




1288 FF7C 


43 


CARHS6 


.SBY 


'CONNECT' 




1289 FF83 


52 


RNBHS6 


.SBY 


'RING* 




1290 FF87 


4E 


NOCARH 


.SBY 


'NO CARRIER' 




1291 FF91 


45 


ERRHS6 


.SBY 


'ERROR' 




1292 FF96 


43 


C0N12f1 


.SBY 


•CONNECT 1200/2400' 




1293 












1294 FFA7 


2A 


CHKSUH 


.SBY 


'tfH' 




1295 FFAB 


36 


PCODE 


.SBY 


'6500' 




1296 












1297 FFAF 






t=$FFFA 




1298 












1299 FFFA 


79 FF 




.MOR 


NHIRTN 




1300 FFFC 


00 F8 




.MOR 


RESET 




1301 FFFE 


57 FF 




.NOR 


ISR 




1302 
1303 






.END 


HDNIOA 





ERRORS » 0000 <0000> 




PABE 0027 



SYHBOL TABLE 












AAA FCOD 


0489 0509 10726 








ABIT8 0048 


#0044 0179 


0263 


0313 


0316 


0330 


ABIT9 0049 


10045 0180 


0268 


0309 






ALLIN F9DD 


0414 10422 










ANSNER FA42 


0485 10488 










BAUD 0041 


10037 0378 


0900 


1208 






BAUD12 002F 


10126 0357 


0553 


0555 






BAUD24 0017 


10127 










BAUD3 OOBF 


10125 0351 










BDRATH 0043 


10039 0215 


0341 


0347 


0477 


^0556 


BDRATL 0042 


10038 0223 


0342 


0345 


0350 


0475 0554 


BD2 F974 


0356 0362 10366 








BS F9BF 


0401 10404 










BUFFL6 0075 


10050 0186 


0418 


0422 






B03 F95A 


10353 










B12 F966 


10359 










B24 F96E 


0358 10363 










CARCK2 FE3E 


11099 1100 


1140 








CARCK3 FE8F 


11140 1141 










CARIER FF6A 


1266 11275 










CARHS6 FF7C 


1238 11288 
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CARTin FDF6 


0870 


1057 #1068 














CCC FC28 


0509 10743 
















CCOHE FC2F 


10746 


















CCZERO FC38 


0744 


0745 #0750 














CHKCHR FE4E 


IU06 


















CHKOK FE57 


1107 «1112 
















CHKSUM FFA7 


0839 11294 
















CHROUT FF51 


0394 
11257 


0403 
1257 


0409 


0716 


1113 


1116 


1215 


1246 


1250 1253 


CflDTBL FA47 


0448 #0497 
















CHDVEC 009B 


10089 


0436 


0461 


0463 












CNTACL 0016 


10025 
0346 


0205 
0476 


0217 


0224 


0235 


0260 


0265 


0279 


0296 0301 


CNTAH 0019 


10026 


0213 
















CNTAL OOIA 


10027 


0206 


0227 


0229 


0247 


0274 


0276 


0348 


0478 


CNTBCL OOIC 


#0030 


0198 


0583 


0588 


1075 


1194 


1265 






CMTBHC OOID 


10031 


















CNTBHL OOIE 


♦0032 


0200 


0585 


1195 












CQUHA FBIE 


0505 10579 


0774 














C0N12H FF96 


1230 11292 
















CR FDEO 


0425 


0512 


0620 


0639 


0921 #1051 








CRLF FF40 


0710 


0719 


0835 


0983 


1202 


1216 #1249 






CR2 FDEE 


0735 11057 
















CTLCOD F9AC 


0393 10395 
















DDD FC44 


0509 #0760 
















DEFPRO 0040 


#0036 


0339 


0473 


0558 












DELAYC 0044 


#0040 


1196 


1275 


1278 












DELAYS 0046 


#0042 


1070 


1098 


1139 


1173 


1279 








DELAYT 0045 


#0041 


1197 


1277 














DELETE F9C3 


#0406 


















DIGERR FB54 


0601 #0618 


0645 














DIGIT FB3C 


0506 


0507 #0601 














DIS2 FB4E 


0612 #0614 
















DILFL6 0076 


#0051 


0184 


0546 


0601 


0627 


0628 


0777 


0399 


0904 


DLYHIB 0010 


#0119 


0586 


1183 


1191 












DLYTIH E09C 


#0120 


0582 


0584 


1192 


1193 










DQCHD F9F2 


0434 #0436 
















DUPLEX 007A 


#0055 


0550 


0801 


0803 


1114 










ECHQF6 0079 


#0054 


0196 


0393 


0549 


0789 


0791 









PAGE 0028 



SYMBOL TABLE 

EEE FC72 0509 #0786 

EQNE FC79 #0789 

EQUAL FB76 0508 #0645 

EQ2 FBA2 0654 0659 #0665 

EQ3 FBAD 0666 #0670 

EQ4 FBBC 0651 0671 #0677 

ERRWS6 FF91 1232 #1291 

ESCAPE FEA4 #1154 

ESCCHK FE69 1114 #1122 

ESCCNT 0082 #0063 1093 1124 1130 1131 

ESCDLY 0001 #0122 1175 
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ESCHK2 FE77 


1125 #1129 






ESCHK3 FE7ft 


1128 #1130 






ESCTIM 479C 


#0123 1176 1177 






ESC2 FEA6 


#1155 1155 






EVEN7 F929 


0317 #0327 






EVENS F91D 


0310 #0321 






E2ER0 FC7D 


0787 0788 #0791 






FFF FC80 


0509 #0798 






FNDCHD F9F5 


0432 #0444 






FONE FC87 


#0801 






FOUND FAOD 


0449 #0457 






FOUNDA F8AD 


0244 #0259 0259 






FOUNDS F8EF 


0288 #0293 






FOUND! F8F1 


0290 #0295 0295 






FZERO FC8B 


0799 0800 #0803 






6ETCHR F9A4 


#0392 






6ETNUN FD8E 


0650 0653 0658 


0743 


0786 




0929 0933 0958 


0970 #0992 


60CR FAOB 


0447 #0455 






BOTCAR FE18 


1071 #1083 






60TCHR F9CD 


0396 0405 #0412 






60TCRI FE28 


1088 #1090 






BQTCR2 FE2D 


#1092 1127 1144 


1148 




60TCR3 FE31 


#1094 1123 1129 


1133 




60THUN FDAA 


1008 #1012 






60TTEN FDBA 


1016 #1020 






602RES FBA7 


#0250 






6T300 F962 


0352 #0357 






HCONV FDC4 


1012 1020 #1026 






HHH FC8E 


0509 #0810 






HHSET FCB7 


0820 #0827 






HH2ER0 FCA7 


0811 0812 #0821 


1080 




HOP FE15 


1052 1053 #1081 






HX2 FDAi 


#1007 1011 






HHASC FD9F 


0713 #1006 






HX3 FDBi 


#1015 1019 






HiAND2 FC95 


0726 #0813 0868 






lER 0012 


#0019 0201 0349 


0469 


0528 




1174 1182 1190 


1199 




IFR OOli 


#0018 0192 0207 


0228 


0234 




0295 0300 0470 


0527 


0587 


III FCBB 


0510 #0835 






HONE FCC5 


#0839 






11 ZERO FCC9 


0837 0838 #0841 






INBUFF 004C 


#0048 0412 0445 


0569 


0605 


INCHAR FE34 


#1095 1105 






INCHR2 FE48 


1095 #1103 






INITSW FABE 


0140 #0526 






IRQFLB 0078 


#0053 0202 0380 


0488 


1266 



0798 0810 0836 0851 0886 




1074 1083 1102 1143 1154 
0248 0259 0264 0275 0278 

0992 



4-41 



Application Note 



R6500/11 • R2424 Intelligent Modem Design 



PABE 0029 



SYHBOI 


. TABLE 






















ISR 


FF57 


#1264 


1301 


















LABELl F93D 


0320 


0323 


0326 


0329 


0334 ^0338 










L00P2 


F9FD 


«0448 


0452 


















LSTCHK FEB5 


»1135 


1149 


















LSTCK2 FE9B 


1135 «1146 


















LI 


F857 


10207 


0208 


















LIO 


FBD4 


«0278 


0278 


0284 
















L12 


F8FB 


10300 


0300 


















L2 


F85F 


«0210 


0210 


















L3 


F87D 


10228 


0228 


















L4 


FBB9 


10234 


0234 


0240 
















L4A 


FBAl 


10248 


0248 


















L5 


F8A4 


♦0249 


0249 


















L6 


F8B7 


10264 


0264 


















L7 


F8C1 


♦0269 


0269 


















L8 


F8C4 


♦0270 


0270 


















L9 


F8CD 


♦0275 


0275 


















HCR 


0014 


♦0020 


0138 


0194 


0195 


0221 


0222 


0472 








HH« 


FCCF 


0510 ♦0850 


















HHONE 


FCDC 


♦0856 




















HflTHO 


FCDE 


0855 ^0857 


















KNZERQ FCE3 


0852 


0853 ^0859 
















ns6 


FF7A 


0839 


0841 


1230 


1232 


1234 


1236 


1238 


1240 


1242 ♦1285 


HSSOUT FF33 


0842 


1231 


1233 


1235 


1237 


1239 ^1242 


1248 






HULTIO FBEC 


0667 


0672 


0673 ^0699 














NEttCR 


FDD7 


0191 


1034 ^1041 
















NEHCX 


FDCE 


0733 


0753 


0767 


0879 


0951 #1036 










NEKCXR FDCB 


0377 


0696 


0827 


0916 ^1034 












NHIRTN FF79 


♦1283 


1299 


















NOCARH FF87 


1234 ^1290 


















NOCARR FE06 


1072 ^1074 


1099 
















NODLAY FB39 


0581 ^0593 


















NOIRQ 


F850 


0196 ^0203 


















NOPAR 


F92F 


0315 ^0330 


















N0PAR7 F939 


0331 #0335 


















NOPARB F933 


♦0332 




















NOSLFT FBC6 


♦0682 




















NOTNUM F1)9D 


0994 ♦lOOO 


















NOMAIT FEAF 


1081 


1110 ♦lUl 
















Nun 


0098 


♦0088 


0647 


0648 


0649 


0652 


0655 


0656 


0657 


0660 


0661 






0662 


0663 


0664 


0665 


0668 


0669 


0670 


0675 


0676 


0677 






0715 


0932 


0936 


0937 


1013 


1021 


1023 








NUMCHD 0021 


♦0129 


0451 


0455 
















NUNERC FF04 


♦1214 




















NXTCMD F9E9 


♦0432 


0435 


















0DD7 


F917 


♦0318 




















0DD8 


F923 


0312 ^0324 


















OKHSB 


FF7A 


1240 ^1287 


















ONESEC FB2C 


♦0586 


0592 


















000 


FCE6 


0510 ♦0868 


















PA 


0000 


♦0013 


0208 


0209 


0210 


0230 


0236 


0249 


0261 


0266 


0269 






0270 


0280 


0297 


0302 


1267 


1270 


1272 








PB 


0001 


♦0014 


0142 


0143 


0144 


0145 


0146 


0354 


0360 


0364 


0857 






0859 


1071 


1077 


1089 


1091 


1095 


1100 


1115 


1118 


1135 
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iUi 1156 
PCODE FFAB 0841 11295 
PPP FCEE 0510 #0876 
QCCC FC3D 0748 0749 10752 
QDI6IT FB53 10616 
QECHO FC7F 0790 10792 



PA6E 0030 



BYHBOL TABLE 










QEQ FBEB 


06BB #0696 








QFFF FC8D 


0802 10804 








Q6ETN FD9E 


0996 0999 tlOOl 






QHHH FCBA 


I0B28 








QII FCCB 


0840 #0842 








QISR FF78 


1271 1273 


1276 


1280 #1282 




Q«HH FCE5 


0858 #0860 








QQ FD07 


0890 #0892 








QQONE FDOl 


#0889 








QQQ FCFA 


0510 #0886 








QQ2ERQ FD05 


0887 0888 #0891 






QRRR FD32 


0902 #0917 








QRSP FFOC 


1203 #1217 








QSSS FD57 


0930 0931 #0941 






QUESTN FBF4 


0508 #0710 








QUES3 FCOO 


#0715 0718 








QVVV FD73 


0962 #0964 








QXXX FD81 


0974 #0976 








RCV 1000 


#0092 0094 








RCVA lOOA 


#0098 0367 


0370 


0534 0683 0684 0691 0692 




RCVB lOOB 


#0099 








RCVC lOOC 


#0100 0375 


0537 






RCVD lOOD 


#0101 0188 


0190 


0532 0817 0819 0824 0826 0910 0911 


RCVE lOOE 


#0102 0539 


1042 


1043 




RCVF lOOF 


#0103 








RCV2 1002 


#0095 








RCV8 1008 


#0096 








RCV9 1009 


#0097 








REPEAT F9E7 


0386 0422 #0427 






REPFLB 0074 


#0049 0178 


0293 


0386 




RERROR FD33 


0899 #0919 








RESET F800 


#0133 0985 


1300 






RESP«S FEEB 


0481 0982 


1090 


1163 #1202 




RE8TRT F816 


#0176 0250 


0291 


0486 1166 




REVFLB 0077 


#0052 0779 


0905 


1057 




RIN6 F8AA 


0207 #0252 








RIN6N6 FAIC 


0252 #0469 








RN6HS6 FF83 


1236 #1289 








ROTATE F943 


#0341 0344 








RRR FDOB 


0510 #0899 








R8LTF6 007B 


#0056 0547 


0889 


0891 1203 




RSPCAR FF2D 


1222 #1238 








RSPC12 FFID 


#1230 








RSPERR FF21 


1228 #1232 
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RSPMC FF25 1226 #1234 

RSPOK FF31 1220 11240 

RSPRN6 FF29 1224 11236 

RSP2 FFOl 1206 1207 1210 11213 

SCCR 0015 10021 0177 0338 0474 

SCSR 0016 10022 0381 0388 0984 1072 1101 1103 1117 1142 1146 

1155 1254 1257 

SEHERR FB6F 0627 10637 

SENIC FBSB 0508 10627 

SEHI2 FB62 10630 0631 

SETPTR F99C 10387 0410 

SETO FF66 1269 11272 

SETl FF62 11270 

SLFTST FBD8 0681 10690 

SLOOP FBU 10564 0567 

SPKRFB 007C 10057 0552 0850 0856 1088 



PA6E 0031 



SYHBOL TABLE 














SROR 


0017 


10024 


0392 


1112 








SREBP 


0084 


10065 


0560 


0562 


0565 


0679 


0712 0928 0939 0940 


SSETF6 0083 


10064 


0543 


0645 


0941 






SS8 


FD3A 


0511 10927 










SS2 


FD50 


0934 10937 










STBL 


FAAD 


10517 


0564 










STCODE 007D 


10058 


0187 


0424 


0454 


0480 


0619 0638 0920 1051 1079 






1087 


1109 


1160 


1204 


1212 


1219 


STDR 


0017 


♦0023 


0024 


1258 








STRTBl FEBB 


1094 


1134 ^1172 








STRTB2 FEC9 


1096 


1137 ^1182 








STRTB3 FED3 


1068 11190 










STRTIH FEDB 


1178 


1186 •im 








SO 


0086 


10069 


0484 


0559 


0561 


0927 




SI 


0087 


10070 


0482 


0483 


0544 


1165 




SIO 


0090 


10079 


1097 


1138 








SU 


0091 


10080 












S12 


0092 


10081 


1172 










S13 


0093 


10082 












S14 


0094 


10083 












S15 


0095 


10084 












S16 


0096 


10085 


0680 










S17 


0097 


10086 












S2 


OOBB 


10071 


1122 










S3 


0089 


•0072 


0395 


0413 


0446 


0568 


1249 


S4 


008A 


10073 


1252 










S5 


OOBB 


10074 


0402 


0404 








S6 


ooac 


10075 


0772 










S7 


008D 


10076 


1069 










S8 


008E 


•0077 


0580 


0770 


0773 


0776 




S9 


008F 


•0078 












TBIT8 


004A 


•0046 


0181 


0299 


0314 






TBIT9 


004B 


•0047 


0182 


0304 


0311 






TEHP 


009D 


♦0090 


0366 


0369 


0373 


0579 


0593 0699 0702 
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TENTHD 6760 


10121 


1184 


1185 












TESTB 


0047 


10043 


0183 


0232 


0238 


0241 


0271 


0282 


0285 


TTT 


FD5A 


0511 10948 














VCOOE 


007E 


10059 


0551 


0961 


0963 


1213 


1251 






VECTBL FA69 


0460 


0462 lOSOS 












VERBAL FFOD 


1213 tl219 














VONE 


FD6D 


10961 
















VVV 


FD66 


0511 10958 














VZERO 


FD71 


0959 


0960 10963 












MAITB 


FB2E 


10587 


0587 


0590 












MAITC 


0081 


10062 


1073 


1099 


1126 


1129 


1140 


1149 


1198 1281 


UAITDB FDE9 


11055 


1056 














HAITDL FC59 


«0768 


0769 














MAITDP FE64 


11117 


1117 














MAITFfi 0080 


10061 


0185 


0634 


0734 


0778 


0869 


1053 


1076 


MAITIM F99E 


I03B8 


0390 


0398 


0399 


0407 


0417 


0420 




mil? FF4D 


1251 11254 


1254 












MAITRE FB4i 


10603 


0604 














MCARIR FDFD 


11071 


1073 














XCODE 


007F 


10060 


0545 


0973 


0975 


1207 








X«T 


2000 


10105 


0107 














XHTA 


200A 


10112 


0371 


0374 


0535 


0686 


0687 


0694 


0695 


XMTB 


200B 


10113 


0530 


0876 


0878 


0948 


0950 






XHTC 


200C 


10114 


0376 


0538 












XHTD 


2000 


#0115 
0913 


0529 
0915 


0728 


0729 


0763 


0766 


0813 


0816 0821 




PA6E 0032 



SYHBOL TABLE 














XHTE 200E 


10116 


0540 


0603 


0630 


1037 


1038 1055 


XMTF 200F 


10117 












XHTO 2000 


tOlOB 


0615 


0633 


1060 


1085 




XHT2 2002 


10109 












XHT8 2008 


10110 


0768 










XHT9 2009 


10111 


0731 


0732 


0747 


0751 


0752 0761 0762 0907 0908 


XOME F07B 


10973 












XXX FD74 


0511 10970 










XltRO FD7F 


0971 


0972 10975 








ZZNAIT FD88 


10984 


0984 










Z2Z FD82 


0511 10982 










.NAR6 «t«» 
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Interfacing Rockwell Signal 
Processor-Based Modems 
To An Apple lie Computer 



by Carlos A. Laiz, Product Applications Engineer 
Semiconductor Products Division, Newport Beach, California 



INTRODUCTION 

This application note describes the electrical design of a module 
that interfaces an Apple lie* computer to a Rockwell Signal 
Processor (SP)-based modem. The design incorporates an 
USART (8251 A) for asynchronous/synchronous serial data 
transfer and control, and two digital-to-analog converters (DACs) 
for quadrature eye pattern generation. Memory mapped 
input/output (I/O) allows easy access to the modem interface 
memory for parallel control and data transfer. The interface 
module connects directly to the following modems with minor 
software differences required to switch between them: 

• Rl212Mor R1212DC • R96DP 

• R2424M or R2424DC • R96FT 

• R48DP 

Two assembly listings of sample software subroutines for 
R1212/R2424 automatic dialing and R48DP/R96DP eye pattern 
generation are also included. 

HARDWARE DESIGN 

The interface module schematic (Figure 1) shows the routing 
of signals between an Apple He peripheral slot, the USART, and 
the modem. The modem can physically be located outside the 
Apple lie and connected by a short 64-conductor ribbon cable 
to a 64-pin DIN connector (with the same pin assignments) 
installed on the interface module. 

The major devices on the interface module are the 8251 A 
Universal Synchronous/Asynchronous Receiver/Transmitter 
(USART) and two NE5018 DACs. The USART (U1) allows the 
microprocessor to transfer data and control to the modem via 
the serial interface. This USART supports both asynchronous 
and synchronous data transfer modes. The two DACs, U8 and 
U9, generate the analog voltages to drive the eye pattern X-OUT 
and Y-OUT signals, respectively. 

Address lines A0-A3 are directly connected to the modem 
register sele ct inputs RS0-RS3. The Apple's partially decoded 
I/O SELECT (pin 1 in the Apple peripheral con nector) is used 
to gate R/W to produce two separate READ and WRITE signals 
with the proper timing as required by the modem and the 



USART. I/O SELECT is active during 00 clock when the micro- 
processor references page $Cn, where n is a peripheral 
slot number (1-7) in the Apple. 

The data lines are buffered by U2 and routed to multiple destina- 
tio ns (U1, U8, U 9 and the interfacing modem). U2 is enabled 
by I/O SELECT and the data direction is controlled by READ. 

Address l ines A4-A6 are decod ed (U3) into eig ht chip select 
signals ($CnOR-$Cn3R and $Cn4X-$Cn7X). Addresses 
$CnOR-$C n3R correspond to the mo dem chip select inputs 
(CS0-CS3). Writing to address $Cn4X triggers U4 to generate 
a low level pulse (4 ^s min.) causing the modem to in itiate a 
Power On Reset (POR) cycle. Addresses $Cn5X and $Cn6X 
are used to write eye pattern data into the X-DAC and Y-DAC, 
respectively. 

The USART's input line Control/D ata (C/D) is controlled by the 
address line A7. Address $Cn7X (A7 = 0) is used to write to the 
transmitt er regist er or to read the receiver register in the USART. 
Address $CnFX (A7= 1) is used to write to the USART Control 
register or to read its status register. The USART is supplied 
with 01 clock directly from the Apple bus. 

The I/O addresses and their functions are summarized in 
Table 1. 



Table ' 


1 . Interface Module Memory Map 


Address 


Device Addressed/Function Performed 


$CnOR 


Chip Select (CSO) 


$Cn1R 


Chip Select 1 (CS1) 


$Cn2R 


Chip Select 2 (CS2) 


$Cn3R 


Chip Select 3 (CS3) 


$Cn4X 


POR (Power-On-Reset) 


$Cn5X 


X-DAC Latch Enable (XLE) 


$Cn6X 


Y-DAC Latch Enable (YLE) 


$Cn7X 


USART Chip Select (C/D = A7=0) 


$CnFX 


USART Chip Select (C/D = A7 = 1) 


Notes: 


n = Apple lie peripheral slot number (1-7) 


R = Modem register number (0-F) 


X = Irrelevant 



* Apple and Apple lie are registered trademarks of Apple Computer, Inc. 
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Figure 1 . Apple lie to Rockwell SP Modem Interface Schematic 
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SOFTWARE CONSIDERATIONS 

Application software can easily control the modem, the USART 
and the two DACs via the addresses decoded on the interface 
module (Table 1). The location of bits and registers as well as 
diagnostic access codes vary between modems. Refer to the 
appropriate data sheet for specific bit and register locations and 
access codes. 

Two example software subroutines are included in this applica- 
tion note for interfacing to an SP-based modem. These routines 
are written In 6502 assembly language. 

The Automatic Dialer subroutine for the R1212/R2424 (Figure 2) 
implements the same function described and flowcharted in the 



R1 21 2 and R2424 data sheets. The subroutine, as shown, starts 
at address $6000 but can be easily relocated. As written, it 
assumes that the interface module is installed in Apple lie 
peripheral slot 4. The number to be dialed should be stored at 
$6100 and terminated with an $FF character. 

The Eye Pattern Generator subroutine for the R48DP/R96DP 
(Figure 3) generates a continuous eye pattern in loop 3 (local 
analog loopback) by reading a signal point once per baud. The 
subroutine starts at $0300 and can also be easily relocated. 
Execution Is halted and control returned to the calling routine 
when a key is pressed. The comments in the listing describe 
the detail operation. 
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Figure 2. R2424 Automatic Dialer Routine 
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2400/1200/300 bps International 
Modem Design 



by Malcolm B. Waters, Product Applications Engineer 
Semiconductor Products Division, Newport Beach, California 



INTRODUCTION 



This application note presents a design for a 2400/1 200/300 bps 
international modem whicli meets CCITT recommendations 
V.21, V.22, V.22 bis and V.23. Tlie design is based on the 
Rockwell R2424 2400/bps full duplex modem which provides 
the 2400 bps V.22 bis and 1200 bps V.22 modes, and the 
Am7910 FSK modem which provides 1200 bps half duplex V.23 
and 300 bps full duplex V.21 modes. The modes supported are 
listed in Table 1 . 

The hardware design, along with software described in this 
application note, demonstrates a complete functional unit for 
asynchronous operation. The application note software supports 
five operating modes: 

Originate 2400 bps in V.22 bis 
Originate 1200 bps in V.22 
Originate 1200 bps in V.23 
Originate 300 bps in V.21 
Universal Auto Answer 

The modem design includes the complete interface to an IBIVI 
PC (or compatible) host computer. The application hardware was 
built on a full-size prototyping card which can be installed into 
any spare PC expansion slot. The Am7910 modem and other 
peripheral and TTL devices are installed on one third of the proto- 
typing card. A Rockwell R2424M, a small (4 in. x 3.5 in.) self- 
contained modem module, is mounted over one third of the 
prototyping card. A Rockwell Data Access Arrangement (RDAA) 
module (3.94 in. x 3.94 in.) is mounted over the middle third of 
the prototyping card. Figure 1 shows the basic layout of the major 
hardware components. 

The Rockwell R2424 modem is also available as a device set 
(R2424DS). By using modem devices and an integral DAA in 
a production design, this application note design can be incor- 
porated onto a single full-size IBM PC printed circuit board. 



HARDWARE DESIGN 

The major components of the international modem are: 

R2424M 2400/1200 Full Duplex Modem module 
Am7910 1200/300 FSK Modem 
Z8530 Serial Communications Controller (SCC) 
82C55 Programmable Peripheral Interface (PPI) 
Rockwell Data Access Arrangement (RDAA) module 

A functional block diagram showing major data and control signal 
flow is shown in Figure 2. In addition to supplying the 2400 bps 
(V.22 bis) and 1200 (V.22) full duplex modes, the R2424 modem 
provides the primary control interface with the telephone line. 
The Am7910 modem supplies 1200 bps half duplex (V.23) and 
300 bps full duplex (V.21) functions. The R2424 is controlled 
directly from the host computer data bus, whereas the Am7910 
has control pins which are driven from the 82C55 PPI. Control 
signals select which modem is in operation and route the data 
along specific paths. A schematic detailing all signal routing and 
connections is shown in Figure 3. 

Host interface 

The IBM PC addreSvS, data and control bus signals are buffered 
by devices \J^-\J^>. The modem uses I/O address space 
200H-23FH. Table 2 allocates the addresses used by the various 
devices in the application de sign. Decoder U5 generates four 
chip select signals (CSO, CS1, CS2 and CS3) from address lines 
A0-A9. The U13a output enables U5 when a valid address 
(200H-23FH) occurs. 

The I/O Read (lOR) and I/O Write (lOW) lines are gated with a 
valid I/O address to generate read and write inputs to the R2424 
modem, the Z8530 SCC (U6) and the 82C55 PPI (U7) as the 
chip select lines are not selected at a unique address range. 
An inverter (U14c) is included in the read line to make it active 
high for the R2424. 





Tabie 1. international IVIodem Modes 










Full Duplex/ 


Originate/ 


Modulation 




Recommendation 


Rate 


Half Duplex 


Answer 


Scheme 


■Modem 


V.22 bis 


2400 bps 


Full Duplex 


Originate 


PSK 


R2424 


V.22 bis 


2400 bps 


Full Duplex 


Answer 


PSK 


R2424 


V.22 


1200 bps 


Full Duplex 


Originate 


PSK 


R2424 


V.22 


1200 bps 


Full Duplex 


Answer 


PSK 


R2424 


V.23 


1200 bps 


Half Duplex 


Mode 2 


FSK 


Am7910 


V.23 


1200 bps 


Half Duplex 


Mode 2 with 
Equalizer 


FSK 


Am7910 


V.21 


300 bps 


Full Duplex 


Originate 


FSK 


Am7910 


V21 


300 bps 


Full Duplex 


Answer 


FSK 


Am7910 
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Figure 1. International Modem Prototype Layout 
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Table 2. International Modem I/O Addresses 



Address (Hex) 


Register Description 


200 


R2424 Receiver Reserved 


201 


R2424 Receiver Reserved 


202 


R2424 Receiver Diagnostic 1 


203 


R2424 Receiver Diagnostic 2 


204 


R2424 Receiver Diagnostic 3 


205 


R2424 Receiver Diagnostic 4 


206 


R2424 Receiver Reserved 


207 


R2424 Receiver Reserved 


208 


R2424 Receiver Status 1 


209 


R2424 Receiver Status 2 


20A 


R2424 Receiver Configuration 1 


20B 


R2424 Receiver Configuration 2 


20C 


R2424 Receiver Configuration 3 


20D 


R2424 Receiver Configuration 4 


20E 


R2424 Receiver Handslial<e 


20F 


R2424 Receiver Diagnostic Control 


210 


R2424 Transmitter Dial Digit Register 


211 


R2424 Transmitter Reserved 


212 


R2424 Transmitter Diagnostic 1 


213 


R2424 Transmitter Diagnostic 2 


214 


R2424 Transmitter Diagnostic 3 


215 


R2424 Transmitter Diagnostic 4 


216 


R2424 Transmitter Reserved 


217 


R2424 Transmitter Reserved 


218 


R2424 Transmitter Status 1 


219 


R2424 Transmitter Configuration 1 


21A 


R2424 Transmitter Configuration 2 


21 B 


R2424 Transmitter Configuration 3 


21C 


R2424 Transmitter Configuration 4 


21D 


R2424 Transmitter Configuration 5 


21 E 


R2424 Transmitter Handshake 


21F 


R2424 Transmitter Diagnostic Control 


220 


78530 Channel B Command 


221 


Z8530 Channel B Data 


222 


Z8530 Channel A Command 


223 


Z8530 Channel A Data 


224- 


Not Used 


22F 


Not Used 


230 


82C55 Port A 


231 


82C55 Port B 


232 


82C55 Port C 


233 


82C55 Control Register 


234- 


Not Used 


23F 


Not Used 



All data between the host computer and the modem is trans- 
ferred over the bidirectional data bus (D0-D7). The data bus 
carries data to be transmitted to the modem (TXD) and to be 
received from the modem (RXD) via the Z8530 SCO, as well as 
control/status signals to/from the R2424 modem, the Z8530 SCC 
and the 82055 PPI. UlSb, UISc and U13d enable data bus buf- 
fer U3 when an I/O read or I/O write occurs in a valid address 
range. The direction of the dat a bus buffer is controlled by the 
host computer I/O read line (lOR) gated with the valid I/O 
address signal appearing at U13d/11. 

Z8530 SCC 

The Z8530 SCC (U6) transfers the data from the modems to the 
data bus and converts the data from parallel to serial and serial 
to parallel between the host computer and the modem devices 
and provides asynchronous formatting and unformatting. The 



SCC has two I/O channels (A and B). Channel A is used for all 
full duplex modes; channel B is used in a V.23 half duplex mode 
where a secondary channel is used. 

Outgoing data (TXD) written from the host computer is serial- 
ized and formatted by the Z8530 SCC (U6). It is then output on 
the TXDA or TXDB pin in serial form. 

Incoming data (RXD) from the modem is input to the SCC on 
the RXDA or RXDB pin and is read via the data bus from the 
SCC data register. The data is then routed to the PC display 
(application note software), or it may be routed to a different 
destination (user-provided software). 

The SCC A/B input selects channel A or B. The SCC C/D input 
determines if control or data information is being accessed. The 
WR and RD inputs determine if data is being written to or read 
from the SCC, respectively. The CE input is low at address 
220-223 to enable the SCC. 

R2424 Modem 

The R2424 is mapped into the PC I/O a ddresses 200H-21FH. 
The R2424 receiver is enabled by CSC (200H-20FH) and the 
transmitter is enabled by CS1 (210H-21FH). This enables access 
to the 32 locations required by the receiver and transmitter 
interface memories. Host computer address lines A0-A3 are 
routed to R2424 register select inputs R0-R3, respectively, to 
access the required Interface memory location. 

For more information on the R2424 refer to the R2424 Data 
Sheet (Order No. MD11) and Section 4 (R1212/R2424 Modem 
Functional Characteristics) in the Modem Interface Guide (Order 
No. 685), both available from Rockwell International. 

Am7910 Modem 

Operation of the Am7910 modem is controlled by five configura- 
tion inputs (MC0-MC4). Table 3 lists the available modes and 
identifies the modes used in this application note. The Am7910 
configuration signals are controlled by PPI (U7) ports PA0-PA4 
since there is no direct host computer bus interface. 

The V.24 control signals are routed from the Z8530 SCC (U6). 
The primary channel (used for all full duplex modes) is routed 
to the SCC channel A and the Am7910 secondary channel (used 
for the 1 200 half duplex mode) is routed to the SCC channel B. 

The clock for the Am791 is provided by the SCC output TRxCA. 

V.24 Interface 

TTL V.24 signals are routed to/fro m the R2424 /Am7910 modems 
as selected by U9 and U10. The RLSD, CTS and RXD outputs 
from either the R2424 or the Am791 are switched through U9 
to Z8530 SCC (U6) channel A inputs DCDA, CTSA and RXDA, 
respectively. PPI PA5 output high selects Am7910 signals; PPI 
PA5 output low selects R2424 signals. 

The TXD Input to both the R2424 and the Am7910 Is routed 
directly from the SCC TXDA output. The R TS inp ut to the R2424 
and/or the Am7910 is routed from the SCC RTSA output through 
U10. The RTS input to the R2424 is enabled through U10 by 
PPI PA6 output low. The RTS Input to the Am7910 is enabled 
through U10 by PPI PA7 output low. 
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Figure 3. International Modem Schematic 

4-54 



Application Note 



2400/1200/300 bps International Modem Design 



.24 INTERFACE 






8 


3 TOAA 


" 


RING 
TIP 




" 




— ^ 


J4_HJ1 
RING 
TIP 








JS HUl 




1 h 


TIP 
RING 



Figure 3. International Modem Schematic (Continued) 
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Table 3. Am7910 Mode Selection 



MC4 


MC3 


MC2 


MC1 


MCO 


Mode 

















Bell 103 Originate 300 bps Full Duplex 
















Bell 103 Answer 300 bps Full Duplex 















Bell 202 1200 bps Half Duplex 















Bell 202 with Equalizer 1200 bps Full Duplex 








1 







V.21 Originate 300 bps Full Duplex* 








1 







V.21 Answer 300 bps Full Duplex* 





a 


1 






V.23 Mode 2 1200 bps Half Duplex* 








1 






V.23 Mode 2 with Equalizer 1200 bps Half Duplex 




1 










V.23 Mode 1 600 bps Half Duplex 















Bell 103 Originate Loopback 















Bell 103 Answer Loopback 














Bell 202 Main Loopback 














Bell 202 with Equalizer Loopback 







1 







V.21 Originate Loopback 







1 







V 21 Answer Loopback 







1 






V.23 Mode 2 Main Loopback 







1 






V.23 Mode 2 with Equalizer Loopback 




1 










V.23 Mode 1 Mam Loopback 




1 










V.23 Back Loopback 


* Modes implemented in application note software. 



82C55 PPI 

The 82C55 PPI handles control signals between the host com- 
puter and the Am7910 modem and various TTL switches, data 
selectors/multiplexers and buffers. The functions of the bits in 
the PPI registers are listed in Table 4. 

Port A signals control the Am7910 configuration and the U10 
switch. Port B output signals control U11 to select the routing 
of TXA and RXA between the RDAA and either the R2424 or 
the Am7910. Port B output signals also control t he re setti ng of 
the modems and the PPI. P ort C inputs monitor RTS and GTS 
from the R2424 and OH and C OT si gnals from the R2424. The 
Port outputs issue OH and COT to the RDAA via U10. 

RDAA Interface 

Routing selection of TXA to the RDAA and RXA from the RDAA 
is controlled by U11 . TXA is routed from the R2424 (TXA) or the 
Am7910 (TO) and RXA is routed to the R2424 (RXA) or the 
Am7910 (RC). OH and ROOT originate from the R2424 (OH and 
ROOT) or from the 82C55 PP[(OH.79 on PC6 and RCCT.79 on 
PC7) as selected by U10. RD is routed from the RDAA to the 
R2424 (RD)^nd Am7910 (RING) In parallel. OCT is routed to 
the R2424 (OCT) and to the PPI (COT on PC2). 

MODEM OPERAirON 

Originate Mode 

Modem operation is divided into two parts: originate and answer. 
In the originate mode, the R2424 always does the dialing, 
regardless of the final configuration. If a V.22 or V.22 bis con- 
nection Is desired, the default hardware setup (initialized by 
application software) permits the R2424 to stay on line after dial- 
ing and connect with the remote modem. If a V.21 or V.23 con- 
nection is desired, then the R2424 dials the call. After dialing, 



a set of control signals (OH and OCT) is generated to keep the 
DAA connected to the phone line. Meanwhile, the R2424 is 
disconnected and the Am7910 is configured for the desired 
mode. When the remote modem answers the Am7910 has con- 
trol of the line and is set up to be in originate mode. The con- 
nection places the modem in data mode in either V.21 or V.23. 

Answer Mode 

In the answer mode, the modem must be capable of answering 
an incoming call from a modem of unknown configuration. The 
R2424 always answers the call, regardless of the final configura- 
tion. Because the default setup condition exists, the R2424 sends 
out the CCITT answertone and waits for the response from the 
remote modem. The software determines the configuration of 
the remote modem within one second of Data Set Ready becom- 
ing active in the R2424. It does this by first examining the SPEED 
bits. 

If the SPEED bits are set to 11 (binary), then the modem is con- 
nected in V.22 bis mode at 2400 bps. If the SPEED bits are set 
to 10, then the modem is connected in V.22 mode at 1200 bps. 
If the SPEED bits are set to 00 then the calling modem is a V.21 
or V.23 type. The RLSD bit of the R2424 is then examined. If 
it is set to 1 , then the calling modem is a V.23 modem, other- 
wise it is a V.21 modem. At this time the Am7910 is already in 
data mode, although not connected to the line. (The ringing 
signal supplied by the DAA is shared by the R2424 and the 
Am7910, so both go off hook in answer mode.) When the soft- 
ware determines that a V.21 or V.23 connection is in progress, 
it holds the line by generating a set of control signals for the 
DAA. The R2424 is switched out and the Am7910 is switched 
in to the line, already in data mode. The remote modem received 
2100 Hz answertone from the R2424. Now the Am7910 
completes the handshake and the modems enter the data 
mode. 
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OPERATING PROCEDURE 

The procedure to operate the modem using the application note 
software is described in this section. It is assumed that the user 
has entered, edited and stored the FORTH screens listed in 
Figure 15. It also assumes that the FORTH command level has 
been invoked. 



Table 4. 82055 Port Functions 



Port 1 Bit 1 Function 


7910 


R2424 ] 


Port A— 8 Outputs (0-7) 


PAO 





7910 Configuration Pin MCO 


X 




PA1 


1 


7910 Configuration Pin MC1 


X 




PA2 


2 


7910 Configuration Pin MC2 


X 




PA3 


3 


7910 Configuration Pin MC3 


X 




PA4 


4 


7910 Configuration Pin MC4 


X 




PAS 


S 


RXD, CTS, DCD Modem Select 
1 = 7910 
= 2424 


X 


X 


PA6 


6 


DTR. RTS, RCCT, OH Disable to R2424 
1 = Disable 
= Enable 


X 


X 


PAT 


7 


DTR, RTS, RCCT, OH Disable to 7910 
1 = Disable 
= Enable 


X 


X 


Port B— 8 Outputs (0-7) 


PBO 





R2424 TXA to DAA 
1 = Enable 
= Disable 


X 


X 


PB1 


1 


R2424 RXA to DAA 
1 = Enable 
= Disable 


X 


X 


PB2 


2 


7910 TC to DAA 

1 = Enable 
= Disable 


X 


X 


PB3 


3 


7910 RC to DAA 

1 = Enable 
= Disable 


X 


X 


PB4 


4 


Reset Z8530 (Pulse) 
1 = Normal 
= Reset 






PBS 


S 


Reset Modems (Pulse) 
1 = Normal 
= Reset 


X 


X 


PB6 


6 


Not Used 




X 


PB7 


7 


Not Used 




X 


Port C— 4 Inputs (0-3), 4 Outputs (4-7) | 


POO 





Read R2424 DSR 




X 


PC1 


1 


Read R2424 Rl 




X 


PC2 


2 


Read Status of CCT from DAA 




X 


PC3 


3 


Read Status of OH from DAA 






PC4 


4 


Not Used 






PCS 


S 


Set RCCT on DAA for 7910 
1 = Set 
= Off 


X 




PC6 


6 


Set OH on DAA for 7910 
1 = Off-Hook 
= On-Hook 


X 




PC7 


7 


Not Used 







Type 70 LOAD and press RETURN. 

When loading is complete, the software initializes and configures 
all devices for the default settings. A menu screen is then 
displayed on the terminal. This menu is function key driven and 
prompts the user for a choice of five keys to press for different 
options. Four originate modes are presented and one universal 
auto answer mode. The four originate modes allow the modem 
to connect at 300 bps in V.21 mode, 1200 bps in V.22, 2400 bps 
in V.22 bis and 1200 bps in V.23. The universal auto answer mode 
connects at the speed and configuration of the calling modem 
(initially unknown). 

The displayed menu is: 

INTERNATIONAL MODEM 

F1 V.21 ORIGINATE 

F2 V.22 ORIGINATE 1200 

F3 V.22 ORIGINATE 2400 

F4 V.23 ORIGINATE 

F5 UNIVERSAL AUTO ANSWER 

When the menu screen is displayed, the modem is in idle mode 
and the program is waiting for a function to be requested. To 
initiate a mode, press the corresponding function key. 

Originate Mode 

If an originate key is pressed, the user is prompted to enter the 
phone number to call. Upon number entry, the call is placed 
(always by the R2424). If a V.22 or V.22 bis configuration was 
selected then the R2424 stays connected to the line after plac- 
ing the call. Otherwise, the Am7910 is switched in to complete 
the handshake with the remote modem. Once the modem is in 
data mode the program enters the dumb terminal routine. 

After an originate mode is selected, the system will display one 
of the following messages depending on the selected mode: 

V.21 300 BPS MODE 
V.22 1200 BPS MODE 
V.22 2400 BPS MODE 
V.23 1200 BPS MODE* 

followed by 

ENTER PHONE NUMBER 

Enter the telephone number to call and press ENTER. 

Upon carrier detection and line connection the system will 
display: 




CARRIER DETECTED , 
TERMINAL ON LINE 



, ON LINE 



To terminate the mode anytime during the operation, press CTRL 
BREAK. After connection is established, pressing ' (single quote) 
will also terminate the mode. After terminating the mode, press 
RETURN to return to FORTH command entry level. Now type 
MENU and press RETURN to disconnect the modem from the 
line and to display the mode menu. 



* V23 call origination results in a half duplex data mode connec- 
tion. This application note software configures the originate 
mode m for transmitting by asserting RTS. In order to receive 
data, RTS must be made inactive. 
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Auto Answer Mode 

In thQ universal auto answer mode, the program waits for the 
phone to ring. It then answers the call with the R2424 which 
serids out a 21 00 Hz answertone. The R2424 decides the speed 
and configuration of the calling modem from the response from 
the calling modem. Depending on the response, the line is left 
connected to the R2424 or switched to the Am7910. When the 
handshake is complete, the program enters the dumb terminal 
routine. 

When the universal auto answer mode is selected, the system 
will display: 

UNIVERSAL AUTO ANSWER MODE 
WAITING TO BE CALLED 

Place the call from the remote modem. Upon ring detection and 
Data Set Ready assertion, the system will display: 

RING DETECTED 
DATA SET READY ON 

followed by one of the following messages when the correspond- 
ing connection is made: 

CONNECTED TO V.21 MODEM AT 300 BPS 
CONNECTED TO V.22 MODEM AT 1200 BPS 
CONNECTED TO V.22 MODEM AT 2400 BPS 
CONNECTED TO V.23 MODEM AT 1200 BPS* 

then 

TERMINAL ON LINE ... 

To terminate the mode anytime during the operation, press CTRL 
BREAK, After connection is established, pressing ' (single quote) 
will also terminate the mode. After terminating the mode, press 
RETURN to return to FORTH command entry level. Now type 
MENU and press RETURN to disconnect the modem from the 
line (if not terminated by the remote modem) and to display the 
mode menu. 



Dumb Terminal 

The dumb terminal routine is used once the modem has com- 
pleted a connection. Data entered on the PC keyboard is sent 
to the modem to be transmitted to the remote modem. Incom- 
ing data is displayed on the terminal. In order to capture all 
received data at 2400 bps, it is necessary to interrupt the PC 
so that the data can be stored in a buffer. (This is because the 
scrolling actions of the screen take too much time and data would 
be lost if a polling method were used.) The dumb terminal routine 
Interacts with the USART function in the Z8530 SCO device (U6) 
on the modem board. There are two main actions running con- 
tinuously. Keyboard data, If available, is written to the data port 
of channel A of the Z8530. Then it is sent to the modem via the 
TXD line. The received data buffer in memory is checked to see 
if there are any characters waiting in the queue to be displayed. 
If there are, it displays them. 

When the modem receives a character, it is passed to the RXD 
line of the Z8530. This causes an interrupt to be generated. 

The interrupt handling routine services the interrupt by transfer- 
ring the received data byte from the data port to the next loca- 
tion in the buffer in memory. Housekeeping Is done on the buffer 
pointers and the loop then repeats itself. 



SOFTWARE 

Structure 

The overall operation of the software is flowcharted in Figure 4. 
Figures 5 through 8 show subsections of the main routines, such 
as basic default settings for the devices. The command flow to 
control the modem in each of its configurations is shown in 
Figures 9 through 13. 

If an originate connection is selected from the menu, then the 
flowcharts of Figure 11 and Figure 12 show the actions which 
are performed to set up the modem, make the call and enter 
the data state. The algorithm for the universal auto answer mode 
is given in Figure 13. This allows the modem to connect with 
an unknown calling modem which may be one of four different 
standards; V.21, V.22, V.22 bis or V.23. The modem auto- 
matically reconfigures itself and connects to the remote modem. 



^Answering a call from a V.23 modem results in a half duplex 
data mode connection. This application no te so ftware con- 
figures the modem for receiving by keeping RTS inactive. In 
order to tran smit data after the remote modem has finished 
transmitting, RTS must be made active. 



Programming 

The application note software is programmed in FORTH. The 
FORTH screens are listed in Figure 15. Any FORTH system 
implementing the FORTH '83 standard for execution on the IBM 
PC should be compatible. The compiled screens presented here 
add the extra customized FORTH primitives to the Kernel dic- 
tionary. Operation of the modem is governed by routines using 
these words to control the hardware circuits from software. The 
software can be user-customized for a particular application. 
Alternatively, the listing is complete as supplied. There is an 
interrupt driven dumb terminal program included, which is 
capable of handling 2400 bps full duplex communications. 
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[ START j 



BASIC DEVICES SETUP 



IDLE MODE: 
DISPLAY MENU 




N: ORIGINATE 



( DONE j 



ORIGINATE MODE 



MAKE CALL WITH 
R2424 



^V22 OR V.22 BIS^ 
.SELECTED? . 



ANSWER WITH R2424, 
SEND 2100 Hz ANSWERTONE 




CONNECT 7910 


^ 


^ 








>A. 


CONNECT R2424 


/V22/V22 Bis\, N: V21/V23 






\^ CALLING? >^ 


i 








\,>/^ 


CONNECT 7910 




T 




f 




CONNECT R2424 


' 






^ 






\ 


1 








DATA MODE 







Figure 4. Flowchart — International Modem Software Overview 
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[ START j 








♦ 


















Set receiver character size 
and clock rate multiple 
inWR4 






^ X 


( START ) 




♦ 






V y 






Set RX number of stop bits in WR3 






i 






t 






Reset Modems: 
SetPPIPB5 = 








Set transmitter character 
size in WR5 






t 








♦ 






Walt 20 ms 








Select all internal/external 
clocicing options in WR11 






♦ 






Clear reset: 
SetPPIPB5 = 1 






♦ 






Load the baud rate generator 
time constant (low byte) 
for 2400 BPS data in WR12 






♦ 






Reset SCC: 
Set PPI PB4 = 






t 






t 






Load the baud rate generator 
time constant (high byte) 
for 2400 BPS data in WR13 






Wait 20 ms 






♦ 






i 






Clear reset: 
Set PPI PB4 = 1 






Enable bit rate generator in WR14 






♦ 






t 






( DONE j 




Enable receiver: 
■Modify WR3 








♦ 














Modify WR5 






t 










Figure 5. Flowchart — Reset Devices 


( 00.H ) 











Figure 6. Flowchart — Basic Devices Setup: 8530 
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f START j 






Write configuration 
register 






t 






( OONH ) 





Figure 7. Flowchart — Basic Devices Setup: 82C55 











( STA^T ) 






♦ 






Set bus bit in TX Register 
D=1 






♦ 






Set bus bit in RX Register 
0=1 






♦ 






Set DTR bit in TX Register 

D:=1 






t 






Set RTS bit in TX Register 
9 = 1 






♦ 






Set AAE bit in TX Register 
D = 1 






t 






Set TX level bits in TX Register B 
to desired value 






♦ 






f DONE j 





















( STA-n ) 






♦ 






Display Menu Screen 






♦ 






Prompt for choice of action 
by function key 






^^ 








/^Function key \> ^ 






X. pressed? y^ 








Establisli data communications 
according to configuration and 
mode selected (see Figures 11, 
12 and 13) 






♦ 






Switch to dumb terminal or 
data handling routine 






t 






( - ) 













Figure 9. Flowchart — Main Operation 



Figure 8. Flowchart — Basic Devices Setup: R2424 
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f START j 



Prompt for entry of phone number 



Read phone number 
digits into memory 



Set DTMF bits 1 



SetCRQbitinTXsl 




Get dial digit from memory 




Write digit to dial digit register 




Write FFH to dial digit register 

i ~ 

( DONE j 



Perform delay 



Figure 10. Flowchart — Auto Dial 
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( START j 



Reset all devices to known state 
(Figure 5) 



Set up all devices to basic state 
(Figures 6, 7 and 8) 



Select R2424 to control 

RCCT & OH in DAA: 

Set PPI PA6 = and PA7 = 1 



Select 8530 V.24 signals to come 
from/go to R2424: 
Set PPI PAS = 



Select all analog signals 
to DAA to come from R2424: 
Set PPI PBO and PB1 = 1 
and PB2 and PBS = 




Y: Default Condition 



N: V.22/1200 



Set MODE bits in R2424 = 1001B 



Set 8530 baud rate for 1200 



Perform Auto Dial 
(Figure 10) 




Give connect message 



Switch to terminal routine 
( DONE j 



Figure 11. Flovifchart — V.22 or V.22 bis Call Origination 
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{ START j 
























i 








Reset all devices to known state 
(Figure 5) 






♦ 






Set up all devices to basic state 
(Figures 6, 7 and 8) 






♦ 






Select R2424 to supply all 
DAA control signals, all V.24 
and all analog signals 
(Figure 11) 






^ 








/^ V 


... \Y 


Select 7910 configuration 
for V.23. Set PPI PA0-PA4 




\ v.". . 


\x 










Tn: V.21 








1 ^ 








Select 7910 configuration 
for V.21. Set PPIPA0-PA4 




















y 


' 




y^ DCD in ^ 


^■^ 


















Auto dial 




X V 






♦ 






(7910) 

Drive dummy RCCT and OH 

Set PPI PCS & PC6 = 1 






T ■ 








♦ 




Set 8530 RTS signal active 




♦ 






Enable 7910 signals generated 
by PPI to control DAA: 
Set PPI PA7 = and 
PA6 = 1 






< V.23? 


>^^ 








♦ 




X y 


< 






Enable 7910 V.24 signals 
to 8530: Set PPI PAS = 1 






V 




♦ 






Set 8530 baud rate 
to 1200 bps 




Enable all analog signals 
to come from 7910 to DAA 

Set PPI PBO & PB1 rr 

and PB2 & PBS = 1 




















Set 8530 baud rate to 300 bps 








♦ 









f 






Set R2424 CRQ bit in 
TX = 








' 




Switch to terminal routine 




1 




1 






± 








f 


) 


















( DONE 







Figure 12. Flowchart — V.21 or V.23 Call Origination 
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f START j 


♦ 


Reset all devices to known state 
(Figure 5) 


f 


Setup all devices to known state 
(Figures 6, 7 and 8) 


♦ 


Issue 'WAITING TO BE 
CALLED' message to terminal 




R2424 Rl ^ N 
bit = 1? 



Issue 'RING DETECTED' 
message to terminal 




Issue 'DATA SET READY ON' 
message to terminal 



1 Second delay 




Figure 13. Flowchart — Universal Auto Answer Mode 
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>/^242>V 

/ SPEED ^ 


VY 




\ 






\^blts = 11B? > 


/ 




\ 




1^ 
>^R2424N. 




issue 'CONNECTED TO V.22 
BIS MODEM AT 2400 BPS' 
message to terminal 












/ SPEED ^ 


^Y 




f 






N. bits = 10B? > 


? 




\ 


\ 


N 




Issue CONNECTED TO V.22 MODEM 
AT 1200 BPS' message to terminal 




♦ 




Set 8530 baud rate to 1200 bps 








y/^ R24Z4 >s, 

<f RLSD 

>v bits = My/ 

IT M 


SY 








? 




' ' 




?" 




Issue CONNECTED TO V.23 MODEM 




issue 'CONNECTED TO V.21 MODEIM 
AT 300 BPS' message to terminal 




\ 


' 




♦ 




Select 7910 V.21 answer mode 

configuration 

Set PPI PA0-PA4 




Select 7910 V.23 configuration 
Set PPI PA0-PA4 




\ 


' 




♦ 






Select DAA control, V.24 and 
analog signals from 7910 
(Figure 12) 




Select DAA control, V.24 and 
(Figure 12) 




♦ 




♦ 






Set 8530 baud rate to 1200 bps 




Set 8530 baud rate to 300 bps 






f 




♦ 


\ 




Set 8530 RTS signal active 














♦ 










Switch to terminal routine 










i 




( 


DONE j 





















Figure 13. Flowchart — Universal Auto Answer Mode (Continued) 
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Screen # 69 











1 






2 






3 






4 






5 






6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






Screen #70 







( V21/V23 MODEM INTERRUPT HANDLER 


27/1/86 MBW ) 


1 
2 
3 


FORTH DEFINITIONS HEX 




-1 CONSTANT COMl? 




4 


CONSTANT COM2? 




5 






6 


COMl? .IF 




7 


0223 CONSTANT ASC PORT 




8 


0010 CONSTANT INT MASK ( IRQ4 ) 




9 


OOOC CONSTANT INT # 




10 


.THEN COM2? .IF 




11 


0223 CONSTANT ASC BASE 




12 


0008 CONSTANT INT MASK ( IRQ3 ) 




13 


OOOB CONSTANT INT # 




14 


.THEN 




15 


— > 




Screen #71 







( V21/V23 MODEM INTERRUPT HANDLER 


27/1/86 MBW ) 


1 
2 
3 


DECIMAL 




2VARIABLE LINKS 




4 


VARIABLE X VARIABLE V 




5 






6 


: FIX-VOC-LINKS 




7 


VOC-LINK DUP XI @ V ! 




8 


BEGIN V @ 




9 


WHILE V § HERE U< 




10 


IF V@X@! V@Xi X@ 


@ V i 


11 


ELSE V @ § V I THEN 




12 


REPEAT ; 




13 






14 






15 


— > 





Figure 14. International Modem FORTH Screens 
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( V21/V23 MODEM INTERRUPT HANDLER 
BEGIN-MOD 1 ? DEPTH HERE LINKS ! 



27/1/86 MBW ) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



LATEST NAME> LINKS 4+ 
LIMIT 500 - SWAP - DP 

END-MOD LINKS @ DP ! ; 



FORGET-MOD 
SHR4 

LINKS @ 32 
N>LINK W! 



LINKS 4+ @ 



SKIP DROP 
FIX-VOC-LINKS 



— > 



Screen #73 

( V21/V23 MODEM 



INTERRUPT HANDLER 



27/1/86 MBW ) 



DECIMAL 17000 BEGIN-MOD ASM86 END-MOD 



HEX 



2000 CONSTANT ASC BUF SIZE 



ASC_BUF_SIZE ALLOT 
ASC BUF SIZE ERASE 



INTERRUPT HANDLER 



8 CREATE ASC_BUF 

9 ASC_BUF 
10 

11 VARIABLE ASC_IN 

12 VARIABLE ASC__OUT 
13 
14 
15 — > 

Screen # 74 

( V21/V23 MODEM 

1 

2 INT_# 4 * 2 CONSTANT INT-VEC 

3 

4 2VARIABLE PREV_ASC_VEC 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 ~> 



27/1/86 MBW ) 



Figure 14. International Modem FORTH Screens (Continued) 
4-68 



Application Note 



2400/1200/300 bps International Modem Design 



Screen # 75 









1 
2 


( 


V21/V23 


MODEM 


INTERRUPT HANVij. L::R 27/1/86 


MBW ) 


• 
• 


INCR^PTR 


ROT 




3 








2 PICK @ + 




4 








2DUP <= 




5 








IF SWAP - 




6 








ELSE SWAP DROP 




7 

8 

9 

10 

11 








THEN SWAP 1 ; 




• 
• 

: 


+ASC IN 
+ASC_OUT 


ASC IN ASC BUF SIZE INCR PTR ; 
ASC^OUT ASC__BUF_SIZE INCR^PTR ; 




12 












13 












14 












15 


— 


-> 








Screen #76 









1 
2 
3 
4 


( 


V21/V23 


MODEM 


INTERRUPT HANDLER 27/1/86 


MBW ) 


• 


?ASC 




ASC_IN @ ASC_OUT @ <> ; 




• 
• 


@ASC 




BEGIN ?ASC 




5 
6 

7 








UNTIL ASC^OUT @ ASC^BUF + C@ 1 +ASC_OUT ; 




. 


#ASC 




ASC OUT @ ASC IN @ 2DUP U> 




8 

9 

10 








IF ASC_BUF_SIZE + THEN - NEGATE ; 














11 












12 












13 












14 












15 


- 


-> 








Screen #77 











( 


V21/V23 


MODEM 


INTERRUPT HANDLER 27/1/86 


MBW ) 


1 


HEX 








2 


CREATE ASC INT 


ASSEMBLER 




3 








STI 




4 








AX PUSH BX PUSH 




5 








DX PUSH DS PUSH 




6 








AX, CS MOV DS, AX MOV 




7 








DX, # ASC PORT MOV 




8 








AL, DX IN 




9 








CLI 




10 








BX, ASC IN 2+ MOV 




11 








ASC BUF [BX] , AL MOV 




12 












13 












14 












15 




-> 









Figure 14. International Modem FORTH Screens (Continued) 
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Screen # 78 











( y21/V23 MODEM 


INTERRUPT HANDLER 


27/1/86 


MBW ) 


1 










2 




BX INC 






3 




BX, # ASC BUF SIZE CMP 






4 




1$ JNZ 






5 




BX, BX XOR 






6 


1$: 


ASC IN 2+ , BX MOV 






7 




STI 






8 




AL, #20 MOV 






9 




# 20 , AL OUT 






10 




DS POP DX POP 






11 




BX POP AX POP 






12 




IRET 






13 


FORTH 








14 










15 


«— > 








Screen # 79 











( V21/V23 MODEM 


INTERRUPT HANDLER 


27/1/86 


MBW ) 


1 


HEX 








2 


: ASC-TRAP 


PREV ASC VEC 2@ OR 0= 






3 




IF INT-VEC @L 






4 




INT-VEC 2+ @L 






5 




PREV ASC VEC 2! 






6 




THEN 






7 




?CS: INT-VEC 2+ !L 






8 




ASC^INT INT-VEC !L ; 






9 










10 










11 










12 










13 










14 










15 


— > 








Screen #80 











( V21/V23 MODEM 


INTERRUPT HANDLER 


27/1/86 


MBW ) 


1 










2 


: ASC-RET.EASE 


PREV ASC VEC 2@ 






3 




INT-VEC 2+ !L 






4 




INT-VEC iL ; 






5 










6 










7 










8 










9 










10 










11 










12 










13 










14 










15 


— > 









Figure 14. international IModem FORTH Screens (Continued) 
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Screen #81 













( V21/V23 


MODEM 


INTERRUPT HANDLER 


27/1/86 


MBW ) 


1 


HEX 










2 


: ASC-ENB 










3 






21 PC@ 






4 






INT MASK NOT AND 






5 






21 PCI 






6 












7 






ASC IN OFF ASC OUT OFF 






8 






ASC_BUF ASC_BUF_SIZE ERASE ; 






9 












10 












11 












12 












13 












14 












15 


— > 










Screen #82 













( V21/V23 


MODEM 


INTERRUPT HANDT.KR 


27/1/86 


MBW ) 


1 


HEX 










2 












3 


: ASC-DSB 




21 PC@ 






4 






INT MASK OR 






5 






21 PC! ; 






6 












7 












8 












9 












10 












11 












12 












13 












14 












15 


— > 










Screen #83 













( V21/V23 


MODEM 


INTERRUPT HANDLER 


27/1/86 


MBW ) 


1 












2 


: ASC-ON 




ASC-TRAP ASC-ENB ; 






3 












4 


: ASC-OFF 




ASC-DSB ASC-RELEASE ; 






5 












6 












7 












8 












9 












10 












11 












12 












13 












14 












15 


~> 











Figure 14. International Modem FORTH Screens (Continued) 
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Screen # 84 





( V21/V23 MODEM INTERRUPT HANDLEI-l 27/1/86 MBW ) 


1 


HEX 


2 




3 


: ASC TX WAIT BEGIN ASC PORT 1 - PC@ 4 AND 


4 
5 
6 
7 
8 
9 
10 


UNTIL ; 


: !ASC ASC_TX__WAIT ASC_PORT PC! ; 




11 




12 




13 




14 




15 


— > 


Screen #85 



1 
2 
3 

4 


( V21/V23 MODEM INTERRUPT HANDLER 27/1/86 MBW ) 


HEX HERE OFFFO U> 


.IF CR 


5 


CR 


6 


CR 


7 


CR 


8 




9 


FORGET COMl? ." ERROR. .. .MUST BE LOADED BELOW FFFO »» 


10 




11 


.THEN DECIMAL FORGET-MOD 


12 


— > 


13 




14 




15 




Screen #86 





( V21/V23 MODEM DUMB TERMINAL 27/1/86 MBW ) 


1 


FORTH DEFINITIONS DECIMAL 


2 


HEX 


3 


( ) 


4 


: TALK CR ." TERMINAL ON LINE . . . . " CR CR ASC-ON 


5 


BEGIN ?ASC 


6 


IF @ASC 7F AND EMIT 


7 


THEN 


8 


7TERMINAL 


9 


IF KEY DUP 27 = 


10 


IF DROP CLS QUIT 


11 


ELSE lASC 


12 


THEN 


13 


THEN 


14 


AGAIN ; 


15 


DECIMAL — •> 



Figure 14. International Modem FORTH Screens (Continued) 
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Screen # 87 




( V21/V23 MODEM TIMERS 


27/1/86 MBW ) 


1 DECIMAL 




2 : ALL ; 




3 : MS 




4 DO 22 DO LOOP LOOP ; 




5 : SEC 




6 1000 * MS ; 
7 
8 
9 
10 






11 




12 




13 




14 DECIMAL 




15 ~> 




Screen #88 




( V21/V23 MODEM INITIALISATION 


27/1/86 MBW ) 


1 HEX 




2 : INIT.8255 81 233 PC! ; ( 2 1/2 OUTPUT 


PORTS 1/2 INPUT ) 


3 : RESET. MODEMS 231 PC§ DUP DF AND ( SET 


PB5 TO ) 


4 231 PC! 




5 20 MS 




6 20 OR 231 PC! ( SET 


PBS TO 1 ) 


7 50 MS ; 




8 : RESET. 8530 231 PC@ DUP EF AND ( SET PB4 TO ) 1 


9 231 PC! 




10 20 MS 




11 10 OR 231 PC! 




12 20 MS ; 




13 : INIT INIT.8255 RESET. MODEMS RESET. 853C 


) ; ( EVERYTHING ) 


14 DECIMAL 




15 —> 




Screen #89 




( V21/V23 MODEM ENABLES/DISABLES 


27/1/86 MBW ) 


1 HEX 




2 : EN.RCCT/OH.M 230 PC@ BF AND 


( MAKE PA6=0 ) 


3 80 OR 230 PC! 


( MAKE PA7=1 ) ; 


4 : EN.RCCT/OH.79 23 PC@ 7F AND 


( MAKE PA7=0 ) 


5 40 OR 230 PC! 


( MAKE PA6=1 ) ; 


6 : EN.V24.79 230 PC@ 20 OR 230 PC! 


( MAKE PA5=1 ) ; 


7 : EN.V24.M 230 PC@ DF AND 230 PC! 


( MAKE PA5=0 ) ; 


8 : EN. ANALOG. M 231 PC@ 03 OR 


( PBO/ PB1=1 ) 


9 F3 AND 231 PC! 


( PB2/ PB3=0 ) ; 


10 : EN. ANALOG. 7^ 231 PC@ OC OR 


( PBO/ PB1=0 ) 


11 FC AND 231 PC! 


( PB2/ PB3=1 ) ; 


12 : ENABLE. INT. 8530 1 222 PC! 10 222 PC! 


( SET INT ON RX ) 


13 9 222 PC! OA 222 PC! ; 


( MIE ) 


14 DECIMAL 




15 ~> 
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Screen # 90 











( V21/V23 


MODEM ENABLES/DISABLES 


27/1/86 


MBW ) 


1 


HEX 








2 


: EN.M 


EN.RCCT/OH.M EN.V24.M EN. ANALOG. M 






3 
4 
5 




( ENABLE ALL R2424 SIGNALS ) ; 






: EN. 79 


EN.RCCT/OH.79 EN.V24.79 EN. ANALOG. 79 






6 
7 
8 
9 

10 




( ENABLE ALL 7910 SIGNALS ) ; 






: NEWC.R 


20E PC@ 08 OR 20E PC! 






11 




BEGIN 20E PC@ 8 = NOT UNTIL ; 






12 


: NEWC.T 


21E PC@ 08 OR 21E PC! 






13 




BEGIN 2 IE PC@ 8 = NOT UNTIL ; 






14 


DECIMAL 








15 


— > 








Screen #91 











( V21/V23 


MODEM R2424 BIT SETTING 1 OF 2 


27/1/86 


MBW ) 


1 


HEX 








2 


: NOW ( 


FLAG REGISTER MASK ~ ) 






3 


SWAP DUP 2 SWAP SWAP ROT ROT 






4 


ROT = IF 






5 




FF SWAP - SWAP DUP PC@ 






6 




ROT AND SWAP PCI 






7 




ELSE 






8 




SWAP DUP PC§ ROT 






9 




OR SWAP PC! 






10 




THEN 






11 










12 










13 










14 










15 


. — > 








Screen # 92 











( V21/V23 


MODEM R2424 BIT SETTING 2 OF 2 


27/1/86 


MBW ) 


1 


DUP 2 0A 


>= IF 






2 




DUP 2 0D <= IF 






3 




NEWC.R ELSE 






4 




DUP 219 >= IF 






5 




DUP 


21D <= IF 




6 






NEWC.T 


7 






THEN 




8 




THEN 






9 




THEN 






10 




THEN DROP ; 






11 










12 










13 










14 










15 


— > 
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Screen #93 










( V21/V23 

1 HEX 

2 : IS ( ] 
3 

4 SWAP PC 


MODEM 


R2424 BIT CHiiOK.PrG 


27/1/86 


MBW ) 


REGISTER MASK ~ BIT VALUE ) 






§ AND 


IF 1 ELSE THEN ; 






5 










6 










7 










8 










9 










10 










11 










12 










13 










14 DECIMAL 










15 — > 










Screen # 94 










( V21/V23 

1 UT?V 


MODEM 


R2424 RECEIVER BIT MASKS 


27/1/86 


MBW ) 


2 


: BUS.R 


20D 


80 ; 






3 


: CRQ.R 


20D 


40 


• 

r 






4 


: LCD 


20D 


04 


' 






5 


: AL.R 


20B 


01 


' 






6 


: ERDL.R 


20A 


80 


? 






7 


: RDL.R 


20A 


40 


' 






8 


I DL.R 


20A 


20 


? 






9 


: ST.R 


20A 


20 


; 






10 


: TONE 


208 


80 








11 


: ATD 


208 


40 








12 


: TM 


208 


02 








13 


: RLSD 


208 


01 








14 DECIMAL 










15 ~> 










Screen # 95 










( V21/V23 


MODEM 


R2424 TRANSMITTER BIT MASKS 


27/1/86 


MBW ) 


2 [ 


DDRE 


2 IE 


01 ; 






3 : 


BUS.T 


21D 


80 t 








4 ; 


CRQ.T 


21D 


40 ; 








5 : 


DATA 


21D 


20 ; 








6 : 


AAE 


21D 


10 j 








7 : 


DTR 


2 ID 


08 ; 








8 : 


DSRA 


21C 


80 ; 








9 : 


GTE 


2 IB 


10 , 








10 : 


GTS 


21B 


08 ; 








11 : 


3DB 


21B 


04 ; 








12 : 


DTMF 


21B 


02 ; 








13 : 


AL.T 


2 IB 


01 i 








14 DECIMAL 










15 ~> 











Figure 14. International Modem FORTH Screens (Continued) 

4-75 



Application Note 



2400/1200/300 bps International Modem Design 



Screen #96 









[ V21/V23 


MODEM 


R2424 TRANSMITTER BIT MASKS 27/1/86 MBW ) 


1 HEX 






2 


ERDL.T 


21A 


80 , 




3 


RDL.T 


21A 


40 , 




4 


DL.T 


21A 


20 , 




5 


ST.T 


21A 


10 , 




6 


RTRN 


219 


40 




7 


ORG 


219 


20 




8 


LL 


219 


10 




9 


RTS 


219 


08 




10 


CC 


219 


04 




11 


: EF 


219 


02 




12 


: DLO 


218 


80 




13 


: CTS 


218 


40 




14 I 


DECIMAL 






15 - 


— > 






Scree 


m # 97 









^ V21/V2 3 


MODEM 


R2424 TRANSMITTER BIT MASKS 27/1/86 MBW ) 


1 I 


lEX 






2 


DSR 


218 


20 ; 


3 I 
4 
5 
6 


RI 


218 


10 ; 


7 

8 

9 

10 








11 








12 








13 r 


)ECIMAL 






14 - 


— > 






15 








Scree 


.n # 98 






( 


V21/V23 


MODEM 


R2424 MULTIPLE BITS 27/1/86 MBW ) 


1 I 


[EX 






2 : 


V. 22/1200 20A PC§ F9 AND 09 OR 20A PC! ( SET RX MODE BITS ) 


3 




NEWC.R 


4 




21A PCia F9 AND 09 OR 2 lA PCI ( SET TX MODE BITS ) 


5 




NEWC.T ; 


6 : 


V. 22/2400 20A PC@ FD AND OD OR 20A PCi 


7 




NEWC.R 


8 




21A PC@ FD AND OD OR 21A PC! 


9 




NEWC.T ; 


10 : 


SPEED? 


209 PC@ 10 / DUP 4 / 4 * - ; ( -- VALUE OF BITS ) 


11 








12 








13 








14 E 


)ECIMAL 






15 - 


— > 
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Screen #99 
















( V21/V23 MODEM 


R2424 TRANSMIT LEVEL 




27/1/86 


MBW ) 


1 HEX 
















2 ' 


ODB 2 IB PC@ 


OF AND 00 OR 


21B 


PC! 


NEWC.T , 








3 ' 


-2DB 21B PC@ 


3F AND 20 OR 


21B 


PC! 


NEWC.T 








4 


-4DB 2 IB PC@ 


5F AND 40 OR 


2 IB 


PC! 


NEWC.T 


' 






5 


-6DB 21B PC@ 


7F AND 60 OR 


2 IB 


PC! 


NEWC.T 


• 






6 • 


-8DB 21B PC@ 


9F AND 80 OR 


21B 


PC! 


NEWC.T 








7 1 


-lODB 21B PC@ 


BF AND AO OR 


21B 


PC! 


NEWC.T 








8 : 


-12DB 21B PC@ 


DF AND CO OR 


2 IB 


PC! 


NEWC.T 








9 : 


-14DB 21B PC@ 


FF AND EO OR 


2 IB 


PC! 


NEWC.T 








10 
















11 
















12 
















13 
















14 DECIMAL 
















15 ~> 
















Screen # 100 
















( V21/V23 MODEM 


8530 SETUP 










27/1/86 


MBW ) 


1 ( THIS DEFAULT SETTING CONFIGURES 


THE 


8530 FOR 8 


BIT DATA, 


) 


2 ( 1 STOPBIT, ENABLES THE TRANSMITTER 


& RECEIVER 


, SETS DTR 


, RTS) 


3 ( SETS THE CLOCKS, XTAL I/P,AND THE BIT RATE GENERATOR FOR 


2400) 


4 HEX 
















5 : DEFAULT. 8530 


ENABLE. INT 


.8530 










6 4 222 PC! 44 222 PC! ( SET RX 8 


BITS X16 CLOCK 


) 




7 3 222 PC! CO 222 PC! ( 1 STOPBIT 






) 




8 5 222 PC! 60 222 PC! ( SET TX 8 


BITS 




) 




9 B 222 PC! D4 222 PC! ( CLOCK OPTIONS 




) 




10 C 222 PC! IE 222 PC! ( BAUD 


RATE GEN LOW FOR 2400 ) 




11 D 222 PC! 00 222 PC! ( BAUD 


RATE GEN HI FOR 


ALL ) 




12 E 222 PC! 01 222 PC! ( ENABLE BIT RATE GEN 




) 




13 3 222 PC! CI 222 PC! ( ENABLE RX 






) 




14 5 222 PC! 68 222 PC! ( ENABLE TX 






) ; 




15 DECIMAL — > 
















Screen # 101 
















( V21/V23 MODEM 


CHANGE 8530 PARAMETERS 




27/1/86 


MBW ) 


1 HEX 
















2 


: RX. ENABLE 


3 222 PC! 


CI 


222 


PC! 1 










3 


: RX. DISABLE 


3 222 PC! 


CO 


222 


PC! 










4 


: RTS.8530.ON 


5 222 PC! 


EA 


222 


PC! 










5 


: RTS. 8530. OFF 


5 222 PC! 


E8 


222 


PC! 










6 


: 300BPS.8530 


C 222 PC! 


FE 


222 


PC! 










7 


: 1200BPS.8530 


C 222 PC! 


3E 


222 


PC! 










8 


: 2400BPS.8530 


C 222 PC! 


IE 


222 


PC! 


' 








9 


: DTR/RTS. 8530. OFF 5 222 PC! 


68 


222 


PC! 










10 


: DTR.8530.ON 


5 222 PC! 


E8 


222 


PC! 


; 








11 
















12 
















13 
















14 DECIMAL 
















15 — > 
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Screen # 102 











( V21/V23 MODEM 


DAA CONTROL MASKS 


27/1/86 


MBW ) 


1 


HEX 








2 


: COT 232 


04 ; ( ~ FLAG ) 






3 


: OH 232 


08 ; ( ~ FLAG ) 






4 


: RCCT.79 232 


20 ; ( FLAG ~ ) 






5 


: OH. 79 232 


40 ; ( FLAG ~ ) 






6 










7 










8 










9 










10 










11 










12 










13 










14 


DECIMAL 








15 


— > 








Screen # 103 











( V21/V23 MODEM 


R2424 BASIC MODEM SETUP 


27/1/86 


MBW ) 


1 


HEX 








2 


: DEFAULT. 2424 








3 


INIT 








4 


EN.M 








5 


V. 22/2400 








6 


1 BUS.R NOW 1 


BUS.T NOW 






7 


1 DTR NOW 








8 


1 RTS NOW 








9 


1 AAE NOW 








10 


ODB ( NO ATTENUATION BEFORE DAA ) 






11 


DEFAULT. 8530 


' 






12 










13 










14 


DECIMAL 








15 


— > 








Screen # 104 











( V21/V23 MODEM 


8530 STATUS 


27/1/86 


MBW ) 


1 


HEX 








2 


: RXREADY? BEGIN 222 PC@ 1 AND 1 = UNTIL ; 






3 


: TXREADY? BEGIN 222 PC@ 4 AND 4 = UNTIL ; 






4 


: DCD.8530? BEGIN 222 PC@ 08 AND 08 = UNTIL ; 






5 










6 










7 










8 










9 










10 










11 










12 










13 










14 


DECIMAL 








15 


— > 
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Screen # 105 


( V21/V23 MODEM PHONE NUMBER ENTERING 27/1/86 MBW ) 


1 HEX 


2 VARIABLE PHONE. NUMBER 20 ALLOT 


3 : PHONE. NUMBER. PROMPT 


4 ." ENTER PHONE NUMBER " ; 

5 

6 : READY. TO. DIAL? 


7 BEGIN DDRE IS UNTIL ; 
8 


9 

10 


11 


12 


13 


14 DECIMAL 


15 ~> 


Screen # 106 


( V21/V23 MODEM DIALER 27/1/86 MBW ) 


1 HEX 


2 : DIAL PHONE. NUMBER. PROMPT 


3 PHONE. NUMBER 20 EXPECT CR 


4 1 DTMF NOW 1 CRQ.T NOW ." DIALING # " 1 SEC PHONE. NUMBER 


5 BEGIN DUP 1+ SWAP C@ DUP DUP 0« 


6 IF 


7 DROP DROP 1 


8 ELSE DUP 44 = IF 


9 2 SEC DROP DROP 


10 ELSE READY. TO. DIAL? 


11 OF AND 210 PCI EMIT 


12 THEN 


13 THEN 


14 UNTIL DROP READY . TO . DIAL? FF 210 PC! -14DB CLS ; 


15 DECIMAL ~> 


Screen # 107 


( V21/V23 MODEM 7910 CONFIGURATION 27/1/86 MBW ) 


1 HEX 


2 : V21.ANS.7910 230 PC@ EO AND 05 OR 230 PCl , 


• 


"3 2 V21.ORG. 7910 230 PC@ EO AND 04 OR 230 PC! 




4 : V23.7910 230 PC@ EO AND 06 OR 230 PC! 


* 


5 5 V23.EQU.7910 230 PC@ EO AND 07 OR 230 PC! 

6 

7 


? 


8 
9 

10 


11 


12 


13 


14 DECIMAL 


15 ~> 
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Screen # 108 

( V21/V23 MODEM 7910 CONNECT V.21 27/1/86 MBW ) 

1 HEX 

2 : C0NNECT.V21.ORG 

3 CLS ." V.21 300BPS MODE " CR 

4 DEFAULT. 2424 

5 V21.ORG. 7910 

6 DIAL 

7 1 RCCT.79 NOW 1 OH. 79 NOW EN. 79 

8 CRQ.T NOW 

9 DTR.8530.ON 

10 DCD.8530? ." CARRIER DETECTED ... ON LINE " CR CR 

11 RTS.8530.ON 

12 300BPS.8530 TALK 
13 

14 DECIMAL 

15 — > 

Screen # 109 

( V21/V23 MODEM 7910 CONNECT V.23 27/1/86 MBW ) 

1 HEX 

2 : CONNECT.V23.ORG 

3 CLS ." V.23 1200BPS MODE " CR 

4 DEFAULT. 2424 

5 V23.7910 

6 DIAL 

7 1 RCCT.79 NOW 1 OH. 79 NOW EN. 79 

8 CRQ.T NOW 

9 DTR.8530.ON 

10 DCD.8530? ." CARRIER DETECTED ... ON LINE " CR CR 

11 RTS.8530.ON 1200BPS.8530 

12 TALK 
13 

14 DECIMAL 

15 — > 

Screen # 110 

( V21/V23 MODEM 2424 CONNECT V.22 27/1/86 MBW ) 

1 HEX 

2 : CONNECT.V22.ORG 

3 CLS ." V.22 1200BPS MODE »» CR 

4 DEFAULT. 2424 V. 22/1200 1200BPS.8530 

5 DIAL 

6 BEGIN CTS IS 1 = UNTIL ." CARRIER DETECTED ... ON LINE " 

7 CR CR TALK 

8 : CONNECT. V22. 2400 

9 CLS ." V.22 2400BPS MODE " CR 

10 DEFAULT. 2424 

11 DIAL 

12 BEGIN CTS IS 1 = UNTIL . »• CARRIER DETECTED ... ON LINE " 

13 CR CR TALK 

14 DECIMAL 

15 — > 
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screen # 111 




( V21/V23 MODEM V.22 ANSWER MODE CONNECTIONS 27/1/86 


MBW ) 


1 HEX 




2 : V2 2 BIS. CONNECTION 




3 ." CONNECTED TO V.22 BIS MODEM AT 2400 BPS " CR CR 




4 TALK 

5 

6 : V2 2. CONNECTION 






7 ." CONNECTED TO V.22 MODEM AT 1200 BPS " CR CR 




8 1200BPS.8530 




9 TALK 




10 




11 




12 




13 




14 DECIMAL 




15 ~> 




Screen # 112 




( V21/V23 MODEM V.21/V.23 ANSWER MODE CONNECTIONS 27/1/86 


MBW ) 


1 HEX 




2 : V21. CONNECTION 




3 ." CONNECTED TO V.21 MODEM AT 300BPS " CR CR 




4 V21.ANS.7910 




5 1 RCCT.79 NOW 1 OH. 79 NOW EN. 79 




6 DTR.8530.ON RTS.8530.ON 




7 300BPS.8530 




8 TALK 




9 : V2 3. CONNECTION 




10 ." CONNECTED TO V.23 MODEM AT 1200BPS " CR CR 




11 V23.7910 




12 1 RCCT.79 NOW 1 OH. 79 NOW EN. 79 




13 DTR.853 0.ON 




14 1200BPS.8530 




15 TALK ; DECIMAL ~> 




Screen # 113 




( V21/V23 MODEM AUTO ANSWER MODE 1 OF 2 27/1/86 


MBW ) 


1 HEX 




2 : AUTO. ANSWER 




3 DEFAULT. 2424 




4 CLS •" UNIVERSAL ANSWER MODE " CR 




5 ." WAITING TO BE CALLED " CR 




6 BEGIN RI IS UNTIL 




7 ." RING DETECTED ... " CR 




8 BEGIN DSR IS UNTIL 




9 ." DATA SET READY ON " CR 




10 1 SEC 




11 




12 




13 




14 DECIMAL 




15 — > 
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Screen # 114 




( V21/V23 MODEM AUTO ANSWER MODE 2 OF 2 


27/1/86 MBW ) 


1 HEX 




2 SPEED? DUP 3 = IF V2 2 BIS .CONNECTION ELSE 




3 DUP 2 = IF V2 2. CONNECTION ELSE 




4 THEN THEN DROP 




5 RLSD IS IF V2 3. CONNECTION ELSE V21. CONNECTION THEN ; 

6 

7 


8 

9 

10 




11 




12 




13 




14 DECIMAL 




15 --> 




Screen # 115 




( V21/V23 MODEM MENU SCREEN 


27/1/86 MBW ) 


1 HEX 




2 : MENU INIT BEGIN 




3 CLS A 3 GOTOXY ." ROCKWELL INTERNATIONAL » S ' 


' CR 


4 CR A SPACES . " INTERNATIONAL MODEM » 


• CR 


5 CR CR A SPACES ." Fl V.21 ORIGINATE ' 


' CR 


6 A SPACES ." F2 V.22 ORIGINATE 1200 ' 


» CR 


7 A SPACES ." F3 V.22 ORIGINATE 2400 ' 


» CR 


8 A SPACES ." F4 V.23 ORIGINATE « 


» CR 


9 A SPACES .»» F5 AUTO ANSWER/ CONFIGURE • 


' CR 


10 PCKEY DROP DUP 3B = IF C0NNECT.V21.ORG ELSE 




11 DUP 3C = IF CONNECT.V22.ORG ELSE 




12 DUP 3D = IF CONNECT. V22. 2400 ELSE 




13 DUP 3E = IF CONNECT.V23.ORG ELSE 




14 DUP 3F = IF AUTO. ANSWER 




15 THEN THEN THEN THEN THEN SWAP DROP UNTIL ; MENU DECIMAL ~> ^ 


Screen # 116 

1 
2 
3 
4 




5 
6 
7 
8 
9 
10 




11 




12 




13 




14 




15 
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Quality of Received Data 
for Signal Processor-Based Modems 



by Carlos A. Laiz, Product Applications Engineer 
Semiconductor Products Division, Newport Beach, California 



INTRODUCTION 



This application note provides the nfiodem design engineer 
with detailed information on the generation and interpreta- 
tion of diagnostic data featured in Rockwell's signal processor 
(SP)-based modems. 

Rockwell's plug-compatible SP-based modems can generate a 
variety of diagnostic data. This data is extremely useful in the 
evaluation of modem performance and line conditions. A micro- 
processor interface can readily access diagnostic data and other 
useful signals via the SP interface memory. 

The diagnostic capabilities of specific Rockwell modems are 
summarized in Table 1. 

ACCESSING DIAGNOSTIC DATA 

Diagnostic data can be readily accessed via the microprocessor 
interface. The host processor must store the access code cor- 
responding to the desired data in the RAM access register (See 
Table 2), The signal processor then stores the desired data in 
diagnostic data registers. The data available flag (R48DP, 
R96DP, R96FT and R96FAX only) in the respective interface 
memory sets when the signal processor writes data into 
diagnostic register zero and resets when the host reads data 
from register zero and is used to handshake with the diagnostic 
data registers. Diagnostic data is generated in 16-bit double 
precision form, although for most applications only the most 
significant byte of data is necessary. The RAM access codes 
for the SP-based modems are shown in Table 2. Functional 



block diagrams that relate the RAM access codes to specific 
functions are shown in Figures 1 through 4. Refer to the appli- 
cable modem data sheet for specific details regarding an 
individual modem. 



EYE PATTERN 

A quadrature eye pattern is an extremely useful diagnostic tool. 
The visual display of an eye pattern can be monitored to iden- 
tify common line disturbances, as well as defects in the 
modulation/demodulation processes. 

The ideal eye patterns or signal constellations for the various 
encoding methods are illustrated in Figures 5 through 10. By 
performing digital-to-analog (D/A) conversion of the received 
signal point data (refer Table 2, Node 9), an eye pattern can be 
displayed on an oscilloscope. Two methods of eye pattern 
generation are available: 

1 . The microprocessor can read the received signal points and 
then write this data into two memory mapped D/A converters. 
Figure 1 1 shows a typical microprocessor interface eye pat- 
tern generator. A typical parallel eye pattern algorithm is 
shown In Figure 12. 

2. High speed modems (4800 bps and above) can generate 
diagnostic data serially through hardware pins In the modem 
connector. 




Table 1 . Summary of Diagnostic Capabilities for SP-Based Modems 





Eye Pattern 


EQM 


Error 


Phase 


Access to 
SPRAM 






Modem 


Serial 


Parallel MPU Bus 


Value 


Vector 


Error 


Spaced 


R1212M 




X 


1 


X 


X 


X 


R1212DC 




X 


1 


X 


X 


X 


R2424M 




X 


1 


X 


X 


X 


R2424DC 




X 


1 


X 


X 


X 


R48DP 


X 


X 


X 


X 




X 


R96DP 


X 


X 


X 


X 




X 


R96FT 


X 


X 


X 


X 




X 


R96FAX 


X 


X 


X 


X 




X 


Notes: 








1 . EQM may be computed by the host processor from the error vector data. 








2. See RAM access codes (Table 2) and block diagrams (Figures 1-4). 
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Table 2. 


RAM Access Codes 














NOCl6 

No. 


Function 


R1212M/OC 
R2424M/DC 


R48DP/R96DP 


R96FT 


R96FAX 


Access 
Codes 


Chip 
No. 


Reg. 
No. 


RAM Access 


Chip 
No. 


Reg. 
No. 


RAM Access 


Chip 
No. 


Reg. 
No. 


RAM 
Access 


Chip 
No. 


Reg. 
No. 


X 


Y 


X 


Y 


1 


Received Signal 
Samples (and Output) 








CO 


- 




2,3 


DC 


- 




2,3 


CO 





2,3 


2 


Demodulator Output 


56 





2,3,4,5 


C2 


42 




0,1,2.3 


CO 


40 




0,1,2,3 


42 





0,1,2,3 


3 


Low Pass Filter Output 


40 





2,3,4,5 


D4 


54 




0,1.2,3 


DD 


5D 




0,1,2,3 


54 





0.1,2,3 


4 


Average Energy 








— 


04 




0,1 


— 


32 




0,1 


DC 





2,3 


5 


AGC Gain Word 








81 


— 




2,3 




2E 




2,3 


81 





2,3 


6 


Equalizer Input 
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Note: * EQM value may be computed by the host processor from error vector data, node 1 1 . 
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Figure 1. R1212/R2424 Processing Flow Diagram 



4-85 



Application Note 



Signai Processor-Based IModems 




E 
S 

S 

a 

I 



flL 
?? 

a. 

i 



g 



3 



4-86 



> 



O 



TRANSMITTER 
DATA 



LOW PASS 
FILTER 



VESTIGAL 
SIDEBAND 
BANDPASS 
FILTER 



DIGITAL TO 
- ANALOG 
CONVERTER 



COMPROMISE 
' EQUALIZERS 



LOW PASS 
FILTER 



ANALOG 
OUTPUT 



GAIN 
CONTROL 



0- 



lA DEVICE— TRANSMITTER 



lA DEVICE-RECEIVER 










RECEIVER 
DATA 










DECODER 




LOW PASS 
FILTER 









DEMODULATOR -* 



CARRIER 
RECOVERY 







ANALOG TO 

DIGITAL 

CONVERTER 



AUTOMATIC 

GAIN 

CONTROL 



COMPROMISE 
EQUALIZERS 



BANDPASS 
FILTER 



ANALOG 
INPUT 



00 



3 



O 

o 

<D 
(0 
0) 
O 

T 
00 
0) 
0) 
(D 

a 



o 

a 

3 

CO 



Figure 3. R96FAX (Group 2) Processing Flow Diagram 



B 



> 

-o 

o' 

fil 

o 

3 













1650 Hz 












C 

1850 Hz 


TRANSMITTER 
DATA 






DECISION 



































o 



DIGITAL TO 

ANALOG 

CONVERTER 



COMPROMISE 
EQUALIZER 





ANALOG 


LOW PASS 
FILTER 


OUTPUT 





GAIN 
CONTROL 



lA DEVICE— TRANSMITTER 



AUTOMATIC 
GAIN 



RECEIVER 
DATA 



OUTPUT 
DECISION 



LOW PASS 
FILTER 



PRODUCT 
DETECTION 



BANDPASS 
FILTER 



lA DEVICE— RECEIVER 



ANALOG TO 

DIGITAL 

CONVERTER 



AUTOMATIC 

GAIN 

CONTROL 



BANDPASS 
FILTER 



ANALOG 
INPUT 



0) 

<5' 



3 
o 



W 

a 



o 

a 

3 

(0 



Figure 4. R96FAX FSK Processing Flow Diagram 
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Figure 1 1 . Typical Microprocessor Bus Eye Pattern Generator 
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Figure 12. Typical Microprocessor Eye Pattern Generation Loop (R96DP/R48DP) 
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The hardware necessary to generate a serial eye pattern along 
with the relevant timing signals are shown in Figures 13 and 14. 
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Figure 13: Serial Eye Pattern Generator 
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Figure 14. Serial Eye Pattern Signal Timing 



baseband signal plane. In polar coordinates each point 
represents a magnitude and differential phase shift. Eye pattern 
data is updated at the baud rate so the oscilloscope display 
appears to be a continuous signal constellation. 

For a DPSK (Differential Phase Shift Keyed) modem, the phase 
shift from one signal element to the next is decoded to recover 
data. For a QAM (Quadrature Amplitude Modulation) modem, 
both amplitude and differential phase shift are decoded to 
recover data. 

Assume a V.22/1200 bps configuration (R1212 modem), and that 
initially a dot is displayed at point 1 of Figure 9. if the first dibit 
received is 10, the point displayed wilt be point 2, correspond- 
ing to a 180** shift in phase. If the second dibit is a 00 (90^), 
point 3 will be displayed, in this fashion a continuous stream 
of random data produces the display of Figure 9. 

TYPICAL LINE DISTURBANCES 

Actual received signal points are distorted by one or more types 
of line disturbances such as noise, phase or amplitude hits, 
phase or amplitude jitter, harmonic distortion and drop-outs. 

White noise produces a smearing of each signal constellation 
point around Its ideal location (see Figure 15A). 

Phase jitter produces periodic phase smearing with little or no 
amplitude effect (see Figure 15B). 

IHarmonic distortion produces a non-periodic amplitude smear- 
ing with little phase effect (see Figure 15C). 

Amplitude jitter produces an effect similar to harmonic distor- 
tion, but in this case the disturbance is periodic. 

An amplitude (or phase) hit is associated with an instantaneous 
high error in the amplitude (or phase) signal component. 

The degree of smearing in the eye pattern is proportional to the 
severity of the particular disturbance. These disturbances may 
occur in combination producing more complex smearing of the 
eye pattern. 

A point failing within the signal space delimited by boundaries 
is decoded by the modem as if it were located at the ideal point 
within that space. When a line disturbance causes the signal 
point to cross a decision boundary, the received signal point is 
incorrectly decoded. 



ERROR VECTOR AND EQM VALUES 

Transient phenomena are difficult to observe in a quadrature 
eye pattern. Also, the proper Interpretation of the eye pattern 
is a function of the observer's training and requires constant 
attention. Rockwell's signal processor modems generate error 
vector and Eye Quality Monitor (EQM) data that are more suitable 
for microprocessor manipulation and interpretation. 

The error vector is defined as the angle and magnitude difference 
between an actual received signal point and its ideal location 
in the baseband signal plane (refer to Figure 16). Error vectors 
are represented as complex numbers whose real and imaginary 
components may be read out of the modem's diagnostic 
registers once per baud. An EQM value may be obtained by proc- 
essing the error vector data to obtain a positive hexadecimal 
value whose magnitude is an indicator of the quality of the 
received signal or probability of error of received signal points. 
In the case of high speed modems (R48DP, R96DP, R96FT, and 
R96FAX), the error vector is processed by the SP devices and 
the EQM value is available through the diagnostic data registers. 
For medium speed modems (R1212 and R2424), the EQM value 
may be computed by the host processor using the error vector 
data. An algorithm for computing EQM values is given below. 

It is desirable to have a quantity whose magnitude is propor- 
tional to the time average of the error vector magnitude. The 
error vector magnitude may be approximated by Its squared 
magnitude eliminating the computation of a square root: 



Re (ERR0R)2 + Im (ERROR)^ 



(Eq. 1) 



The squared magnitude may then be averaged by a digital filter 
of transfer function (see Figure 17): 



H(Z) 



1 - )3Z- 



(Eq. 2) 



The coefficients a and jS may be computed by a Z-domain 
approximation to an RC network of transfer function 
(see Figure 18): 



H(s) 



1 + Sr 



, T = RC 



(Eq. 3) 
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Figure 15. Typical Line Disturbances 
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Figure 16. Error Vector Phase Error/EQM 

Substituting variables (first backward difference approxima- 
tion) S = 1 - Z-^/T yields a and jS (t = RC, T = sampling 
period 1/T = 7200 Hz for R1212/R2424): 



1 



1 



1 +r/T 

t/T 
1 +r/T 



1 +7200T 
1 



1 + 



1 



(Eq. 4) 
(Eq. 5) 



7200T 



Re-writing the transfer function H(Z) (Equation 1) as a difference 
equation: 



y(n) = au(n) + i8y(n-1) 



(Eq. 6) 



Letting the input sequence u(n) = Re (ERROR (n))^ +lm 
(ERROR (n))^ and the output y(n) = EQM(n) we obtain: 

EOM(n) = a [Re(ERR0R(n))2 + lm(ERR0R(n))2] + /3EQM(n-1) 

(Eq- 7) 
where: EOM(n) = Current EQM value. 

EQM(n-1) = EQM value delayed by one sample 

period. 
Re (error (n)J = Real component of the error vector. 
Re (error (n)) - Imaginary component of the error 
vector. 

If we choose t = 0.1 seconds and 1/T = 7200 Hz then, a = 
0.001386962 and /3 = 0.998613037. Note that a + /S = 1 and 
a <K0 < 1. 
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Figure 17. Digital Energy Averaging Filter 
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Figure 18. Equivalent Analog RC-Networl( 

The EQM value is the filtered squared magnitude of the error 
vector. These values represent the probability of error and can 
be used to implement a discrete Data Signal Quality Detector 
circuit (circuit 1 10 of CCITT recommendation V.24 or circuit CG 
of RS-232-C recommendation) by comparing the EQM value 
against an experimentally obtained criteria (refer to Figures 19 
and 20). 

Bit Error Rate (BER) curves as a function of the signal-to-noise 
ratio (SNR) are used to establish a criteria for determining the 
acceptance of EQM values. Figure 20 is a typical BER curve 
showing the meaning of a given EQM value in terms of BER 
and SNR. From an EQM value, the host processor can deter- 
mine an approximate BER value. If the BER is found to be 
unacceptable, the host may cause the modem to fall-back to 
a lower speed to improve BER. 

It should be noted that the meaning of EQM varies with the type 
of line disturbance present on the line and with the various con- 
figurations. A given magnitude of EQM in V.29/9600 does not 
represent the same BER as in V.29/4800. The former configura- 
tion has 16 signal points that are more closely spaced than the 
four signal points in the latter, resulting in a greater probability 
of error for a given level of noise or jitter. Also, the type of disturb- 
ance has a significant bearing on the EQM value. For example, 
white noise produces an evenly distributed smearing of the eye 
pattern with about equal magnitude and phase error while phase 
jitter produces phase error with little error in magnitude. 
Recalling that EQM is an average of the squared magnitude of 
the error vector, it can be seen that the correspondence of EQM 
to SNR (and hence BER) is dependent upon the signal struc- 
ture of the modulation being used and the type of line disturb- 
ance present. 
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Figure IS. Typical Eye-Quality Versus Signal-To-Noise Ratio for V.29/9600 (R96FAX) 
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Figure 20. Typical Bit Error Rate Versus SNR and EQM 



SCALING OF SP SIGNALS (R48DR R96DP, 
R96FT, AND R96FAX) 

The following list of formulas can be used to obtain diagnostic 
data in engineering units. Typical values or ranges for the data 
are also given. 

CONVERSION FORMULAS, RANGES AND 
TYPICAL VALUES FOR R48DR R96DP AND 
R96FAX MODEMS 

1. AGC Gain Word (16 bits unsigned)— Node 5 

Range: 

OFOOte - 7FFFi6 for LRTH = (-43 dBm Threshold) 

0640i6 - 7FFFi6 for LRTH = 1 (-47 dBm Threshold) 



AGC Gain in dB = 50 - AGC Gain Word ^ q qq^ ^g 

(100)8 

2. Average Power Word (16 bits)~Node 4 

Typical value: 42118 = 0889i6 (corresponding to dBm) 

Post-AGC Average _ ..q , /Average Power Word ] ^q 
Power in dBm \ (889)i6 / 



Pre-AGC Average 
Power in dBm 



(889),, 

(Post AGC Avg. Power in dBm 
- AGC gain in dB) dBm 



3. A/D Sample Word (16 bits two's complement)— Node 1 

(Refer to Figure 21 for the location of Vint and VgxT signals) 
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Figure 21 . External and Internal Voltages 



V - Signed, two's complement 16-bit A/D Word 

' ^ 3 V, „ <^°°>» 

X ^3 Volts 

256 
Vext = V„, ^ LOG^; [ AGC Gain ( dB)] 



4. Rotation Angle Word (16 bits two's complement)— 
Node 12 

Range: -180° — +180° 

Rotation Angle In degrees = Rot- Angle Word ^ ^qqo 

216 

5. Frequency Correction Word (16 bits two's complement)— 
Node 13 (Deviation from carrier in Hz) 

Range: FCOI16 - 0400^6 (±37.5Hz) 
Freq. Correction in Hz = ( Freq. Correction word j 
X (Baud Rate in Hz) Hz 

6. Error Vector Real (16 bits two's complement) and 
imaginary (16 bits two's complement) Words 

(Refer to Table 3.) 

7. Scaled Signal Points (16 bits two's complement) 
(V.29 to V.27) 

(Refer to Figure 22 and Table 4.) 



Table 3. Error Vector Maximum Values 





Bit Rate 






Magnitude 


Configuration 


(BPS) 


Real Error 


Imag. Error 


]/Re2 + Im2 


V.29 


9600 


<C00i6 


<C00i6 


<E66i6 


V.29 


7200 


<2400i6 


<2400i6 


<1AD4i6 


V.29 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V.27 


4800 


<1C00i6 


<1C00i6 


<1C00i6 


V.27 


2400 


<1C00i6 


<1C00i6 


<1C00i6 



Table 4. R48DP/R96DP/R96FAX Scaled Signal Points (Hex) 





Modem 


V.29/9600 


V.29/7200 


V.29/4a00 & V.27/2400 


V.27/4800 


Point 


X , y 


X , y 


X , y 


X , y 


1 


0000, 2800 


0000, 2400 


0000, 1F00 


0000, 1F00 


2 


2800, 0000 


2400, 0000 


1F00, 0000 


1600, 1600 


3 


0000, D800 


0000, DCOO 


0000, El 00 


1F00, 0000 


4 


D800, 0000 


DCOO, 0000 


El 00, 0000 


1600, EAOO 


5 


0000, 1800 


0000, OCOO 




0000, El 00 


6 


1800, 1800 


0000, F400 




EAOO. EAOO 


7 


1800, 0000 


F400, F400 




El 00, 0000 


8 


1800, E800 


F400, 0000 




EAOO, 1600 


9 


0000, E800 








10 


E800, E800 








11 


E800, 0000 








12 


E800, 1800 








13 


0800, 0800 








14 


0800. F800 








15 


F800, F800 








16 


F800, 0800 
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Figure 22. Scaled Signal Points 
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SCALING OF SP SIGNALS 
(m212 AND R2424) 

1. Rotation Angle (16 bits unsigned)— Node 12 

Range: 0<* — 360** 



Rotated f/ 16 Bit Rotated Angle Word' 
Angle - l\ 2 



•) • 7FFF,6] 



X 5Bi( 



Where: -45° < Phase Error < 45° 

K ^ 28i6 for 2400 bps 
K = 14i6 for 1200 bps 

3. Scaled Signal Points (16 bit two's complement) 

(Refer to Figure 23 and Table 5.) 



2. Phase Error (16 bits two's complement)— Node 22 



Phase Error** 



16 Bit Phase Error Word 
K 



Table 5. R1212 and R2424 Scaled Signal Points (Hex) 





Modem 


V.22 bi8/2400 bps 


V.22 A/B, Bell 212A/1200 bps 


V.22 A/B 600 bps 


Point 


X , y 


X , y 


X , y 


1 


1800, 1800 


1100, 1100 


EFOO. 1100 


2 


800, 1800 


EFOO, 1100 


1100. EFOO 


3 


800, 800 


EFOO, EFOO 




4 


1800, 800 


1100, EFOO 




5 


F800, 1800 






6 


E800, 1800 






7 


E800, 800 






8 


F800, 800 






9 


F800, F800 






10 


E800, F800 






11 


E800, E800 






12 


F800, E800 






13 


1800, F800 






14 


800, F800 






15 


8(00, E800 






16 


1800, E800 
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Figure 23. Scaled Signal Points 
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R2424 and R1212 Modems Auto Dial 
and Tone Detection 



by Jeffrey T. Higgins and Malcolm B. Waters, Product Applications Engineers 
Semiconductor Products Division, Newport Beach, California 



INTRODUCTION 

The R2424 and R1212 modems provide auto dial and tone detec- 
tion capabilities. These functions aid the designer In creating 
an intelligent modem subsystem. The auto dialer can be 
designed to dial both normally and In reverse fashion. Tone 
detection, a subset of an intelligent auto dialer, can provide call 
progress monitoring of ringback, busy, and answer tones. This 
application note presents examples of auto dial and tone detec- 
tion routines and the problems they overcome. 

R2424/R1212 AUTO DIALER 

The auto dialer flowchart (Figure 1) shows the typical command 
flow to cause the modem to dial and then enter the tone detec- 
tion state. The sequence shown assumes that the modem is in 
serial control (BUS bits = 0) and that the NEWC bits are set 
at the appropriate time. 

To auto dial the DT R sign al must be active. In a constant carrier 
application where RTS must be o n be fore the end of the 
han dshak e. It Is recommended that RTS be activated the first 
time DTR is active and then left on permanently. (RTS may also 
be hardwired to DTR for constant carrier applications.) 

During the time the modem Is initialized for auto dialing and the 
telephone number is being entered, both CRQ bits should be 0. 
After touch tone or pulse dialing Is selected using the DTMF bit 
and the telephone number Is entered, both CRQ bits should be 
set to a one. 

Note: 

The CRQ bit in the transmitter enables the auto dialer. The 
CRQ bit in the receiver enables tone detection when CRQ 
in the transmitter is enabled. If no tone detection Is wanted, 
CRQ in the receiver does not have to be set. 

Following a short delay to allow the relay to close, the DLO and 
TONE bit are checked. The DLO bit when active tells the user 
that the relay Is closed. If the CRQ bit In the receiver Is enabled, 
the TONE bit at this time will be a one signifying that dial tone Is 
being detected. If both bits are active the actual dialing can begin. 

First, the dial digit register Is checked to see if It is empty. If it 
is, the first dial digit is taken from memory and examined. If it 
is a character that represents a delay then a delay occurs and 
the second dial digit Is taken from memory. If It was not a delay 
character then it Is loaded into the dial digit register. The modem 
will take the digit and dial it according to the state of the DTMF 
bit. (The DTMF bit can be changed during the dialing process 
to allow both tone and pulse dialing of consecutive digits.) The 
modem also accounts for interdigit delay. After the digit is dialed 



and the interdigit delay time has elapsed the DDRE bit will be 
a one signifying that the next digit can be loaded. The interdigit 
delay can be lengthened by not loading the dial digit register 
Immediately after the DDRE bit is active. This process is 
continued until the last digit is dialed. 

At this point the user can put the modem into data mode by 
loading $FF into the dial digit register (assuming the CRQ bit 
In the receiver Is 0) or the tone detection routine can begin. If 
tone detection is desired, $FF should not be loaded at this time. 
The loading of $FF tells the modem to go Into the data mode 
and start the 30 second abort timer. Once this action is taken 
the dialing process and tone detection Is ended. CRQ in the 
transmitter must be a one during data mode or the modem will 
go on-hook. When $FF Is loaded, CRQ In the receiver must be 
a zero. 

ANSWER TONE DETECTION— NO RINGBACK 

If tone detection is attempted, the software which determines 
the call progress status must be able to compensate for the many 
inconsistencies In the dial-up network. One of the problems Is 
no ringback. 

Since the tone detector In the modem has a passband from 345 
to 635 Hz It is unable to detect answer tone if no ringback occurs. 
Figure 2 is a flowchart of a routine which switches back and forth 
between data mode and tone detection mode to catch answer 
tone If no ringback occurs. Figure 4 shows the worst case 
example of no ringback and the timing of the software routine 
which tries to keep the modem from missing the answer tone. 

After the last digit is dialed, a 4.5 second watchdog timer is 
started. During this time the TONE bit Is being monitored for 
call progress tones. If the TONE bit becomes active then the 
routine of Figure 3 Is Implemented. If the timer times out and 
no tone was detected the routine continues and looks for answer 
tone. (If the answer sequence started immediately after the last 
digit was dialed then approximately 500 milliseconds of answer 
tone would remain. This Is enough time for the originating 
modem to detect answer tone.) CRQ In the receiver is reset to 
zero and $FF is loaded Into the dial digit register. This action 
puts both the transmitter and receiver In data mode. The receiver 
can now detect answer tone. A 750 ms watchdog timer is started. 
The DSR bit is monitored during this time. If DSR becomes active 
then answer tone was detected and the modem will continue 
with the handshake. If the timer times out and DSR is not active 
the program can exit and abort the call (depending on how many 
tries are desired for tone detection) or it can go back Into tone 
detection looking for call progress tones. 
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Figure 1. R1212 and R2424 Auto Dial Routine 
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~^ 
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* 
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r ... ^ 
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* 
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Figure 2. Answer Tone Detection When No Ringbacic Occurs 
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:> 






*i 




U^ 


TONE = ? 






START 500 ms TIMER 








♦ 








32 ms DELAY 








* 








TONE = 1 ? 

* 


>H 


INCREMENT COUNTER | 


-\. 
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Figure 3. Call Progress Detection of Ringbacl( and Busy Tones 
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Figure 4. Worst Case Tone Detection Example: No Ringiiacic, immediate Answer 
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If it is desired to go back into the tone detect mode, the follow- 
ing sequence must be followed. Set the AL bit in the receiver 
to a one. Reset CRQ in the transmitter to a zero and after 
2 sample times (approximately 300 microseconds) set CRQ in 
the transmitter to a one. This action resets the transmitter, 
without opening the relay. One baud time later (approximately 
2 ms) reset AL in the receiver to a zero. (Although setting and 
resetting the AL bit in the receiver does not seem to make sense, 
it does help to ensure internal flags are properly set so the 
modem does not lock-up by switching back and forth between 
data and tone detect mode. After AL in the receiver is reset, set 
CRQ In the receiver to a one. At this point the modem is back 
in tone detect mode and the routine begins again. 

If after a number of passes through the routine no call progress 
or answer tones have been detected, the call can be aborted 
by resetting both CRQ bits to a zero. 

CALL PROGRESS DETECTION 

If the TONE bit becomes active during the 4.5 second period 
of Figure 2, the call progress tone detection routine of Figure 3 
should be implemented. This routine monitors the duty cycle of 
the TONE bit and reports what tone is being detected. 

The difficulty with any tone detection routine is the fact that the 
tones provided by the telephone network are not always accord- 
ing to specification. Figure 5 shows both ideal and nonideal tone 
detection situations. It is the nonideal tones that create the timing 
problems in the tone detection routine, and those situations must 
be dealt with. The routine of Figure 3 provides a possible solu- 
tion to catch the nonideal call progress tones. 

The call progress detection routine makes its decisions after the 
on-to-off period of any tone. After a 250 ms delay the TONE bit 
is monitored for 500 ms. During this time samples of the TONE 
bit are taken every 32 ms (see Figure 6). If the TONE bit is active 
when sampled, a counter is incremented. If the counter was 
Incremented more than two times it is assumed that a busy tone 
was detected. CRQ should then be reset in both the transmitter 
and receiver to zero. This puts the modem back on-hook and 
the call is aborted. If the counter was incremented two times 
or less a ring was detected and the modem must go into data 
mode. This is accomplished by resetting CRQ in the receiver 
to zero and loading $FF into the dial digit register. 

Note: 

It is assumed that the answering modem will answer after 
one ring. Therefore, the tone detection routine must decide 
the call progress status before the remote modem 
answers. 



R2424/R1212 REVERSE AUTO DIALER 

The R2424 and R1212 can be used to call an originate-only 
modem. This application provides a higher level of security in 
dial-up environments. With the increasing problem of data 
security in dial-up computer systems it is necessary to prevent 
unauthorized users from connecting to the network. Reverse 
auto dialing helps solve the problem. 

The central site modem would be set up to monitor a ringing 
signal, but would be configured for originate mode. The remote 
modem would dial, switch to the answer mode and send the 
answering sequence. The central site would answer the call and 
detect answer tone as though it had originated the call. The 
handshake would then proceed as normal. 

If an authorized modem which was not configured to send 
answertone after dialing, tried to connect, the central site modem 
would not respond after answering, because it would be 
expecting answer tone. 

The reverse auto dialer flowchart (Figure 7) shows the command 
flow to cause the modem to dial and then enter the answer state 
and send answer tone. The sequence shown assumes that the 
modem is in parallel control (BUS bits = 1) and that the NEWC 
bits are set at the appropriate time. 

The routine initializes the modem and prepares it for dialing. The 
ORG bit is set to a zero (manual answer) but is ignored during 
the dialing process. The dialing is identical to Figure 1 except 
that CRQ in the receiver is not set to a one. No tone detection 
can be done with the reverse dialing because CRQ in the 
transmitter is disabled after the last digit is dialed. After CRQ 
in the transmitter is reset to a zero the DATA bit is immediately 
set to a one. Since the ORG bit was set previously, the result 
is the OH relay stays closed, the modem switches from originate 
to answer configuration, and the answer sequence is transmitted 
according to the specification of the modem configuration. 

The modem will send the answering sequence for 30 seconds 
or until the other modem responds. 

R2424/R1212 REVERSE AUTO ANSWER 

The R2424 and R1212 provides the capability to auto answer 
in the originate configuration. This feature complements the 
reverse auto dialing described previously. 

The flowchart of Figure 8 shows the method to perform the 
reverse auto answering. The sequence shown assumes that the 
modem is in parallel control (BUS bits = 1) and that the NEWC 
bits are set at the appropriate time. 

The ORG bit is set to a one, configuring the modem to originate. 
On detection of the ring using the Rl bit, the DATA bit is set to 
a 1 . This sequence causes the modem to answer, but remain 
in the originate mode looking for the answer sequence. 

A more comprehensive description of R1212/R2424 modem 
operation is contained in Section 4 of the Modem Interface Guide 
(Order No. 685) 
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Figure 5. Call Progress Tones Timing Problems 
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Figure 6. Timing for Cali Progress Tone Detection Routine 
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Figure 7. R1212 and R2424 Reverse Auto-Dial Routine 
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Figure 8. R1212 and R2424 Reverse Auto Answer 
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8088 Microprocessor to R1212/R2424 
Modem Interface 



INTRODUCTION 

This application note details the connections and circuitry 
needed to interface a Rocl^well R1 21 2 1 200 BPS or R2424 2400 
BPS Full-Duplex Modem to an 8088 microprocessor-based 
system. Also included is an assembly language level computer 
program that performs an auto dialer function. 



8088 INTERFACE 

The basic interface signals between an R1212/R2424 and an 
8088-based system are summarized in Figure 1 . A schematic 
detailing the components and connections necessary to inter- 
face an R1212/R2424 modem to an expansion slot in an IBM 
PC (or equivalent) personal computer is shown in Figure 2. This 
particular circuit was used with a COMPAQ Personal Computer 
but should be able to be used with an IBM PC or other compat- 
ible computer with little or no modification. 



The R1212/R2424 modem is mapped into the memory space 
allocated for the prototype board in the IBM PC input/output map. 
The chip select logic places the modem in the following address 
space: 



Chip Select Line 


Address Range 


cso 

CS1 


$300-$30F 
$310-$31F 



The INS8250 UART provides the asynchronous communications 
between the R1212/R2424 modem and the 8-bit microprocessor 
data bus. 

AUTO DIALER SOFTWARE 

The 8088 assembly language instructions (and assembled 
hmachine code that performs an auto dialer function is listed 
starting on page 3. 



\ — 2—,/ BUS S^ ^ . 



MICROPROCESSOR 

SYSTEM 

BUS 



, DATA I 



DATA 



^ 



IRQ 



^ 



RESET 



ADDRESS 

& 

CONTROL 

N \/ 



ADDRESS 

BUS 

BUFFERS 



^ 



7^ 



8250 
USART 



TRANSMIT DATA 
& CONTROL / 2 



■7^ 



RECEIVE DATA 

& CONTROL / 5 



REGISTER SELECT 



y- 



READ/ 
WRITE 
CONTROL 



READ, WRITE 



-7^ 
7^ 



7^ 



CHIP 

SELECT 

DECODE 



CS1,CS2 



■7^ 



R1212 

or 
R2424 



MODEM 



Figure 1. IBM PC to R1212/R2424 Modem Interface 
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8088 AUTO DIALER ASSEMBLY LISTING 



TITLE SOBS AUTO DIALER (DIALl.ASM) 
COMMENT* 

RockMell Applications Lab 5/15/84 

This IS written as an example of an auto-dialer in 8088 
Assembly Language. It was written using the Micosoft 
Macro Assembler which runs under the IBM Disk Operating 
System. 

The hardware used places the inter-face memory Bank O 
and Bank 1 at locations 300-30F and 310-31F respectively. 
This 15 the space allocated for the Prototype Card in the 
IBM I/O Address Map. 



Macro pseudo-op for use in setting req bits in the interface memory 

The address and bit to be set/reset is sent to the Macro. 

The Macro then gets the appropriate byte from the R1224. 
;This byte is ORed with the bit to be set to change only that 
;bit. The byte is then sent back to the R1224. 



0000 
0000 



MACRO 


ADDR,BIT 


MOV 


DX,ADDR 


IN 


AL,DX 


OR 


AL,BIT 


OUT 


DX,AL 


ENDM 




SEGMENT 


STACK 


DB 


256 DUP C) 



STACK ENDS 



0000 
0000 



DATA SEBMENT 

BUF DB 20,21 DUP(O) ; Set up a buffer for the phone 



20 45 4E 54 45 52 
20 50 48 4F 4E 45 
20 4E 55 4D 42 45 
52 3A 24 20 
20 20 44 49 41 4C 
49 4E 47 20 24 20 



MSG DB 



ENTER PHONE NUMBER:* 



OOOO 
0000 



0000 


IE 


OOOl 


BB 0000 


00O4 


50 


0005 


BB f 




8E DB 


OOOA 


E8 OOOE R 


GOOD 


CB 







MESl 


DB 


DIALING * 


DATA 


ENDS 




CODE 


SEGMENT 




START 


PROC 


FAR 


9 

; Standard Program Prologue 


i 


ASSUME 


CS ! CODE , DS : D AT A , SS : STACK 




PUSH 


DS 




MOV 


AX,0 




PUSH 


AX 




MOV 


BX,DATA 5 Get data segment base address 




MOV 


DS,BX 




CALL 


MAIN 




RET 




START 


ENDP 
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8088 AUTO DIALER ASSEMBLY LISTING (Continued) 



OOOE 


BA 


031D 


0011 


EC 




0012 


OC 


00 


0014 


EE 




0015 


BA 


031E 


ooia 


EC 




0019 


OC 


08 


OOIB 


EE 




OOIC 


BA 


030D 


OOIF 


EC 




0020 


OC 


80 


0022 


EE 




0023 


BA 


031D 


0026 


EC 




0027 


OC 


80 


0029 


EE 




002A 


BA 


031B 


002D 


EC 




002E 


OC 


02 


0030 


EE 




0031 


BA 


030D 


0034 


EC 




0035 


OC 


40 


0037 


EE 




0038 


BA 


031D 


003B 


EC 




003C 


OC 


40 


003E 


EE 




003F 


B3 


FF 


O041 


FE 


CB 


0043 


SO 


FB 00 


004fe 


75 


F9 


0048 


BA 


031D 


004B 


EC 




004C 


OC 


08 


004E 


EE 




004F 


BA 


030E 


0052 


EC 




0053 


OC 


08 


0055 


EE 




0056 


BA 


031E 


0059 


EC 




005A 


OC 


oa 


005C 


EE 




005D 


BA 


0318 


0060 


EC 




0061 


24 


80 


0063 


3C 


80 


0065 


75 


F6 



MAIN PROC NEAR 


;Dial set-up 




BET 


31DH,O0H 


MOV 


DX,31DH 


IN 


AL,DX 


OR 


AL,00H 


OUT 


DX,AL 


SET 


31EH,OaH 


MOV 


DX,31EH 


IN 


AL,DX 


OR 


AL , 08H 


OUT 


DX,AL 


i 

SET 


30DH,80H 


MOV 


DX , 30DH 


IN 


AL,DX 


OR 


AL , 80H 


OUT 


DX,AL 


SET 


31DH,80H 


MOV 


DX,31DH 


IN 


AL,DX 


OR 


AL,aOH 


OUT 


DX,AL 


; 

SET 


31BH,02H 


MOV 


DX,31BH 


IN 


AL,DX 


OR 


AL , 02H 


OUT 


DX,AL 


SET 


30DH,40H 


MOV 


DX,30DH 


IN 


AL,DX 


OR 


AL,40H 


OUT 


DX,AL 


SET 


31DH,40H 


MOV 


DX,31DH 


IN 


AL,DX 


OR 


AL,40H 


OUT 


DX,AL 


s'wait at least 


50 msec bs 


; 

MOV 


BL , OFFH 


TIMEl: DEC 


BL 


CMP 


BL.OOH 


JNZ 


TIMEl 


5 

SET 


31DH,08H 


MOV 


DX,31DH 


IN 


AL,DX 


OR 


AL,08H 


OUT 


DX,AL 


J 

SET 


30EH,08H 


MOV 


DX,30EH 


IN 


AL,DX 


OR 


AL,08H 


OUT 


DX,AL 


SET 


31EH»08H 


MOV 


DX,31EH 


IN 


AL,DX 


OR 


AL,08H 


OUT 


DX,AL 


; Check that we 


are of* -he 


WAIT: MOV 


DX,318H 


IN 


AL,DX 


AND 


AL,80H 


CMP 


AL,80H 


JNZ 


WAIT 



; Assure that DTR 



5 Set NEWC 



;Set the BUS bit, receiver 



;Set the BUS bit, transmitter 



;Set DTMF -for tone dialing 



;Set CRQ bit, receiv 



;Set CRQ bit, transmitter 




$Set NEWC, Receiver 



I Set NEWC bit, Transmitter 



; Check to see if DLO : 
; If not, wait for it 
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8088 AUTO DIALER ASSEMBLY LISTING (Continued) 



0067 


BA 


0308 


006A 


EC 




006B 


24 


80 


006D 


3C 


80 


006F 


75 


EC 


0071 


B4 


09 


0073 


BA 


0016 R 


0076 


CD 


21 


0078 


B4 


OA 


007A 


BA 


OOOO R 


007D 


CD 


21 


007F 


B2 


OA 


0O81 


B4 


02 


0083 


CD 


21 


0085 


B4 


09 


0087 


BA 


002C R 


008A 


CD 


21 


ooac 


BE 


OOOO 


008F 


B9 


0000 


0O92 


8A 


OE 0001 


0096 


8A 


94 0002 



009B 


BA 


03 IE 


009E 


EC 




009F 


24 


01 


OOAl 


3C 


Ol 


00A3 


75 


F6 



00A6 


80 


FA OD 


00A9 


74 


10 


OOAB 


B4 


02 


OOAD 


CD 


21 


OOAF 


80 


E2 OF 


00B2 


8A 


C2 


00B4 


BA 


0310 


00B7 


EE 




00B8 


46 




00B9 


E2 


DB 



OOBB 


BA 


031E 


OOBE 


EC 




OOBF 


24 


01 


OOCl 


3C 


01 


00C3 


75 


F6 


00C5 


BA 


0310 


00C8 


BO 


FF 


OOCA 


EE 




OOCB 


C3 




OOCC 






OOCC 







;Wait for dial -tone on the line 
MDV 



AND 
CMP 
JNZ 

MOV 
MOV 
INT 



DX,30aH 

AL,DX 

AL,80H 

AL,BOH 

WAIT 

AH, 9 

DX, OFFSET MSB 

21H 



: Print prompt for phone # input 



Read the number and display it. 



MOV 
MOV 
INT 

MOV 
MOV 
INT 

MOV 
MOV 
INT 



AH,OAH 

DX, OFFSET BUF 

21H 

DLfOAH 
AH, 02 
21H 

AH, 9 

DX, OFFSET MESl 

21H 



; Buffered Keyboard Input 



;Line feed 

; Display function 

;DOS call 



; Print DIALING 



; Loop and redisplay telephone number as it is dialed 



MOV 

MOV 

MOV 

PAD: MOV 



SI,0 

CX,0 

CL,BUF+1 

DL,BUFCSI+2] 



;Get number of digits read 



;DL now contains the dial digit 
PUSH DX ;PresBrv 



the dial digit on the stack 

s Check to see that the dial digit register is empty 

; 

FULLl: MOV DX,31EH 

IN AL,DX 

AND AL,01H 

CMP AL,01H 

JNZ FULLl 

;Get the dial digit off the stack 

5 

POP DX 

; 

; Check to see if it's a carriage return 
5 



CMP 
JZ 



DL,ODH 
DONE 



;If It IS 



end the dialing sequence 



; Feedback for dialing 



MOV 
INT 



AH, 2 
21H 



; Print the digits as they are dialed 



Send the dial digit to the R1224 



AND 
MOV 
MOV 
OUT 
INC 
LOOP 



DL,OFH 

AL,DL 

DX,310H 

DX,AL 

SI 

PAD 



;Dial Digit must be in AL to be sent 

;to the I/O port 

;Send it 

; Point to the next digit 



Go here to end the dial sequence by putting FF 
into the dial digit register 



; Assure DDRE empty again 



DONE: 


MOV 


DX,31EH 




IN 


AL,DX 




AND 


AL,01H 




CMP 


AL,01H 




JNZ 


DONE 




MOV 


DX,310H 




MOV 


AL,OFFH 




OUT 


DX,AL 




RET 




MAIN 


ENDP 




CODE 


ENDS 




END 


START 
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INTRODUCTION 

This application note is a supplement to tlie 
RC2424DP/DS data sheet. It provides information on 
parameters accessible in DSP RAM shown in Table 1 , and 
on Checksum verfication available after Power-on or 
Reset. 

POWER-ON/RESET DSP TEST MODE 

After Power-on or Reset, the RC2424DP/DS DSP enters 
into a test mode and calculates Checksum on ROM. The 
result of the Checksum verification is written into Host In- 
terface memory bytes 15 and 14. The valid checksum is a 
constant $4126. At the same time, ASCII values for the 
"part number" are written into Host Interface memory bytes 
13 and 12, and ASCII values for the "code revision lettter" 
are written into Host Interface memory bytes 1 1 and 10. 

For example, on the C5308-15 "D" code, the number "08" 
is the part number and "D" is the code revision letter. The 
values written into Host interface memory would be as fol- 
lows: 



Register 


Value 


Contents 


15 


$41 


Checksum Upper word 


14 


$2B 


Checksum Lower word 


13 


$30 


ASCII value of "0" 


12 


$38 


ASCII value of "8" 


11 


$20 


ASCII value of"" 


10 


$44 


ASCII value of "D" 



After the DSP writes to byte 10, the TDBE bit will be set. 
This indicates to the host that the self-test information can 
be read. The DSP will wait 20 ms or until the host reads or 
writes Host Interface Memory byte 10. After this, the DSP 
will execute the Initialization sequence. 



DSP RAM ACCESS 
DSP RAM ORGANIZATION 

The DSP contains four sections of 1 6-blt wide random ac- 
cess memory (RAM). Because the DSP is optimized for 
performing complex arithmetic, the RAM is organized into 
real p( RAM) and imaginary (Y IRAM) sections, as well as 
data and coefficient sections. The host processor can ac- 
cess (read or write) the X RAM only, the Y RAM only, or 
both the X RAM and the Y RAM simultaneously in either 
the data or coefficient section. 

INTERFACE MEMORY ACCESS TO DSP RAM 

The DSP interface memory acts as an intermediary during 
host to DSP RAM or DSP RAM to host data exchanges. 
The addresses stored in DSP interface memory RAM Ad- 
dress registers (i.e., XADD and YADD) by the host, in con- 
junction with the data or coefficient RAM bits (i.e., XCR 
and YCR) detennine the DSP RAM addresses for data ac- 
cess. 

One or two 16-bit words are transferred between DSP 
RAM and DSP interface memory once each internal DSP 
cycle. The transmitter and the receiver sample rate func- 
tions operate at the 7200 Hz sample rate. The receiver 
baud rate functions operate at 600 Hz. 

Two RAM access bits (XACC and YACC) in the DSP inter- 
face memory tell the DSP to access the X RAM and/or Y 
RAM. The RAM tests these bits each sample period (139 
microseconds). 

READING AND WRITING THE DSP RAM 

The procedure for reading and writing the DSP RAM is 
described in the RC2424DP/DS data sheet (Order No. 
MD53). The parameters shown in Table 1 are described 
on the following pages. The fonnat for ail parameters is 1 6 
bits, twos complement. 
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Table 1. DSP RAM Parameters 





XCR/ 


XRAM 


VRAM 




No. 


Ycn» 


Addr 


Addr 


Parameter 


1 


1 





- 


Ist Equalizer Tap, Real 


1 


1 


c 


- 


Last Equalizer Tap, Real 


2 


1 


-- 





let Equalizer Tap, Imaginary 


2 


1 


_ 


C 


Last Equalizer Tap, Imaginary 


3 





12 


- 


Rotated Error, Real 


4 





- 


12 


Rotated Error, Imaginary 


5 





14 


- 


Max AGO Gain Word 


6 





6C 


~ 


Pulse Dial Interdigit Time 


7 





- 


6C 


Tone Dial Interdigit Time 


8 





6D 


- 


Pulse Dial Relay Make Time 


9 





- 


6D 


Pulse Dial Relay Break Time 


10 





- 


6E 


DTMF Duration 


11 





6F 


- 


Tone 1 Angle Increment Per Sample 


12 





- 


6F 


Tone 2 Angle Increment Per Sample 


13 





71 


- 


Tone 1 Amplitude 


14 





- 


71 


Tone 2 Amplitude 


15 





74 


•- 


Max Samples Per Ring Frequency 
Period 


16 





- 


74 


Min Samples Per Ring Frequency 
Period 


17 




OE 


- 


Real Part of Error 


18 




- 


OE 


Imaginary Part of En-or 


19 




- 


10 


Rotation Angle for Canier Recovery 


20 




11 


- 


Rotated Equalizer Output Real 


21 




- 


11 


Rotated Equalizer Output Imaginary 


22 




12 


- 


Lower Part of Phase Error 


23 




- 


12 


Upper Part of Phase Error 


24 




14 


- 


Upper Part of AGC Gain Word 


25 




_ 


14 


Lower Part of AGC Gain Word 


26 




1C 


- 


Average Power 


27 




2A 




Phase En-or 





Table 1. 


DSP RAM Parameters (Cont'd) 


XCR/ XRAM 


VRAM 




No. YCR* Addr 


Addr 


Parameter 


28 


1 2C 


- 


Tone Power (ATBELL, BEL103 or 
TONEA) 


29 


1 - 


2C 


Tone Detect Threshold (Call Progress 
Energy) 


30 


1 2D 


- 


Tone Power (ATV25 or TONES) 


31 


1 2E 


~ 


Tone Power (TONEC) 


32 


1 33 


- 


Tone Detect Threshold (ATBELL, 
BEL103, or TONEA) 


33 


1 34 


- 


Tone Detect Threshold (ATV25 or 
TONES) 


34 


1 35 


- 


Tone Detect Threshold (TONEC) 


35 


1 38 


- 


Zero Crossing Counter 


36 


t 52 


- 


Eye Quality Monitor (EQM) 


37 


1 


2E 


Filter 1 Coefficient aO 


38 


1 


2F 


Filter 1 Coefficient a1 


39 


_ 


30 


Filter 1 Coefficient a2 


40 


- 


31 


Filter 1 Coeffident pi 


41 


_ 


32 


Filter 1 Coefficient p2 


42 


- 


34 


Filter 2 Coefficient aO 


43 


1 


35 


Filter 2 Coefficient a1 


44 


~ 


36 


Filter 2 Coefficient a2 


45 


_ 


37 


Filter 2 Coefficient pi 


46 


_ 


38 


Filter 2 Coefficient p2 


47 


_ 


3A 


Filter 3 Coefficient aO 


48 


- 


3B 


Filter 3 Coefficient a1 


49 


- 


3C 


Filter 3 Coefficient a2 


50 


- 


3D 


Filter 3 Coefficient pi 


51 


- 


3E 


Filter 3 Coefficient p2 


52 


- 


45 


Filter 4 Coefficient aO 


53 1 


- 


46 


Filter 4 Coeffident a1 


54 


- 


47 


Filter 4 Coeffident a2 


55 1 


- 


48 


Filter 4 Coeffident pi 


56 


- 


49 


Filter 4 Coeffident p2 


*XCRi 


an XRAM address is 


listed; YCR if a VRAM 


addres 


sis listed. 
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No. 1 - Equalizer Tap Coefficients, Real 



XCR: 



XRAM Addr: 



0-C 



The adaptive equalizer is a transversal filter (Figure 1). The filter is tuned by varying the weighting coefficients, Co through 
Cn. The RC2424DP/DS has 1 3 taps. Since the baseband signal is complex it requires both X and Y coefficients for each tap. 
The delay between taps is 1/2 baud time. The adaptive process attempts to adjust all coefficients to minimize the mean 
squared error. 




Figure 1. Equalizer Structure 



No. 2 - Equalizer Tap Coefficients, Imaginary YCR: 1 VRAM Addr: - C 

These values represent the imaginary component of the equalizer tap coefficients. (See above.) 




No. 3 - Rotated Error, Real 



XCR: XRAM Addr: 



12 



The Rotated Error vector is the angle and magnitude difference between an actual received signal point (P2} and the nearest 
ideal point (PI) in the baseband signal plane (Figure 2). The real and imaginary components are calculated once per baud 
time. See Real Part of En'or (No. 17) and Imaginary Part of Error (No. 19). 



V 




y BOUNDARY 




t| 


1 f 




■ 


/ / P2 = X2 + iy2 




i 


t P2-P1 = (X2-X1, + •(y2-yi) 




1 


/ = REAL ERROR + IMAGINARY ERROR 




1 
1 
1 


/ 




f *»« ^ BOUNDARY 


1 
' t 
■1 ^^ 






1234S6 7«9 10 11 



Figure 2. Rotated Error 
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No. 4 - Rotated Error, Imaginary YCR: VRAM Addr: 12 

These values represent the imaginary component of the Rotated Error vector. (See No. 3.) 

No. 5 - Max AGO Gain Word ~^' ~~ YCR: YRAI\fl Addr: 14 

Default: $2500 (31 .95 dB) 

This value represents the maximum AGC gain, and can be varied by the host. 

Formula: 

Max AGC Gain Word = (46.4 - Max AGC Gain (dB)) x 32768/50 

Convert value to hex to store in RAM. 

No. 6 - Pulse Diai interdigit Time™" XC^~0 XRAM Addr: 6C 

Default: $1518 (750 ms) 

This value represents the amount of delay in samples between digits dialed when in pulse dial mode (DTMF = 0). 
Formula: 

Interdigit time (samples) = Interdigit time (sec) x 7200 (samples/sec) 

Convert sample value to hex to store in RAM. 

No. 7 - Tone Dial Interdigit Time ~~ ™ ~^fCRr~0 YRAMAddr: "" 6C 

Default: $01 F8 (70 ms) 

This value represents the amount of delay in samples between digits dialed when in tone dial mode (DTMF = 1). 

Formula: 

Interdigit Time (samples) = Interdigit Time (sec) x 7200 (samples/sec) 

Convert sample value to hex to store in RAM. 

No. a - Pulse Dial Relay Maice Time ~ XCR: XRAWi Addr: 6D 

Default: $0120 (40 ms) 



This value represents the time (in number of samples) that the OHRELAY will close for each digit dialed. 
Formula: 

Pulse Make Time (samples) = Pulse Make Time (sec) x 7200 (samples/sec) 

Convert sample value to hex to store in RAM. 

No. 9 - Pulse Dial Relay BreaiTifime""" ~~~~ YCrTIi YRAM Addr: 6D~ 

Default: $01 BO (60 ms) 



This value represents the time (in number of samples) that the OHRELAY will open for each digit dialed. 

Formula: 

Pulse Break Time (samples) = Pulse Break Time (sec) x 7200 (samples/sec) 

Convert sample value to hex to store in RAM. 
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No. 10 - DTMF Duration YCR: YRAMAddr: ci 

Default: $01 F8 (70 ms) 

This value represents the time duration of each DTMF digit dialed. 

Formula: 

DTMF duration (samples) = DTMF duration (sec) x 7200 (samples/sec) 

Convert value to hex to store In RAM. 

No. 11- Tone 1 Angle Increment per Sample XCR: XRAMAddr: 6F 

No. 12 - Tone 2 Angle Increment per Sample YCR: YRAM Addr: 6F 

Default: $00 

When the host enters Tone Generation/Detection mode (CONF = 80), the transmitter immediately begins sending the dual 
tone frequencies specified by addresses XRAM 6F and YRAM 6F, with amplitudes specified by XRAM 71 and YRAM 71, 
respectively. The tones will remain on as long as Tone Generation/Detection mode is specified and the amplitudes are greater 
than zero. If the host reconfigures directly from Dial/Call Progress mode to Tone Generation/Detection mode after dialing a 
digit, the RC2424DP/DS will send the dual tone of the last digit dialed until the values in XRAM 71 and YRAM 71 are set to 
0. 

Frequencies from Hz to 1675 Hz can only be sent when the ORG bit is set, and frequencies from 1925 Hz to 2875 Hz can 
only be sent when the ORG bit is cleared. 1800 Hz frequency can be sent by setting the GTE bit with GTS=0 and ORG = 0. 

To calculate the frequency value to store in RAM, follow the steps below: 

1 . Find Phase Angle Increment in degrees/sample: 

Angle (degrees/sample) = Frequency (Hz) x (360 degrees/cycle)/7200 (samples/second) 

2. Scale result as follows: 

Angle Increment (increment/sample) = Angle (degrees/sample) x (32768/180 degrees) 

3. Round off Angle Increment. 

4. Convert to hex and store in RAM. 

Example: For 1300 Hz, 

1 . Angle (degrees/sample) = 1300 Hz x 360 (degrees/cycle)/7200 samples/sec = 65 (degrees/sample). 

2. Angle Increment (increment/sample) = 65 (degrees/sample) x (32768/180 degrees) = 11832.9 increment/sample. 

3. Value to store In RAM = $2E39 (1 1833). 

Note: The ORG bit must be set to generate 1300 Hz tone. 

No. 13 -Tone 1 Amplitude XCR: XRAM Addr: 71 

No. 14 -Tone 2 Amplitude YCR: YRAMAddr: 71 

Default: $00 

These values determine the amplitude of the two tones that are immediately sent when the host enters into Tone Genera- 
tion/Tone Detection mode. The amplitude of each tone can range from 9.1 dBm down to approximately -50 dBm. The relation- 
ship between the output in dBm and the RAM amplitude value for a single tone frequency is shown in Figure 3 for a TLVL 
(13:4-7) value of 0. Changing TLVL further adjusts the output tone level. Setting one of the two amplitudes to zero selects 
single tone frequency. 
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TONE 

OUTPUT 

LEVEL 

(dBm) 





-4-4 



2000 4000 6000 8000 AOOO COOO DOOO FFFF 



TONE AMPLITUDE WORD (HEX), 



Figure 3. Tone Output Level versus Tone Amplitude 



No. 15 ' Maximum Samples per Ring Frequency Period XCR: XRAM Addr: 74 

Default: $0202 {71 .4 ms) 

This value determines the maximum period of the signal on RD that will be indicated on Rl and Rl. The default value of 71 .4 ms 
corresponds to a minimum ring frequency of 14 Hz. This allows proper detection of frequencies as low as 15 Hz. 

Formula: 

Maximum period samples = 7200 (samples/sec)/minimum ring frequency (Hz) 

Convert maximum samples to hex to store in RAM. 



YCR: VRAM Addr: 



74 



No. 16 - Minimum Samples per Ring Frequency Period 

Default: $0064 (13.9 ms) 

This value determines the minimum period of the signal on RD that will be indicated on Rl and Rl . The default value of 1 3.9 ms 
corresponds to a maximum ring frequency of 72 Hz. This allows proper detection of frequencies as high as 68 Hz. 

Formula: 

Minimum period samples = 7200 (samples/sec)/maximum ring frequency (Hz) 

Convert minimum samples to hex to store in RAM. 

HolrF^e^Ap^ ' '~~ " XCR: 1 XRAM Addr: OE 

No. 18 -Imaginary Part of Error YCR: 1 VRAM Addr: OE 

The Error Vector is the angle and magnitude difference between the received signal point and the nearest Ideal point before 
the signal has been corrected for rotational error (see Rotated Error, No. 3 and No. 4). Rotational error is caused by phase 
and frequency differences between the transmitter and receiver carrier signals. 
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No. 19 - Rotation Angle for Carrier Recovery YCR: 1 YRAIM Addr: 10 

The Rotation Angle represents correction for both absolute phase differences and continuously changing phase differences. 

Formula: 

Rotation Angle (degrees) = [(Rotation Angle Word/$FFFF)DEC x 360 

Where 0' ^ Rotated Angle ^ 360" 

No. 20 - Real Rotated Equalizer Output YCR: 1 XRAM Addr: 11 

No. 21 - Imaginary Rotated Equalizer Output XCR: 1 YRAM Addr: 1 1 

These values represent the received points after decoding by the decision logic. The points are compared to the ideal points 
stored in ROM. Figures 4 through 6 show the locations of the ideal baseband points. The machine unit values represent sig- 
nal scaling for all baseband signals. 

No. 22 - Lower Part of Phase Error XCR: 1 XRAM Addr: 12 

No. 23 -Upper Part of Phase Error YCR: 1 YRAM Addr: 12 

This Phase En^or value is the intermediate output of the second order carrier recovery loop. 

No. 24 - Upper Part of AGC Gain Word XCR: 1 XRAM Addr: 14 

No. 25 -Lower Part of AGO Gain Word YCR: 1 YRAM Addr: 14 

This information represents the gain of the AGO amplifier. The upper part of the AGC gain uses the same formula as the Max 
AGC Gain Word (No. 5). The lower part of the AGC gain can be used for better precision. 

Formula: 

AGC Gain (dB) = 46.4 - (Upper part of AGC Gain word)DEC x 50/32768 

No. 26- Average Power XCR: 1 XRAM Addr: 1C 

This value represents the average received signal power. It can be scaled from engineering units to units of dBm. Use AGC 
Gain Word (No. 24 and No. 25) to calculate the pre-AGC gain word. 

Formula: 

Post-AGC Average Power (dBm) = 10 LOG [(Power Word)/(2 x $889)]dec 
Pre-AGC Gain Average Power (dBm) = Post AGC Gain Power - AGC Gain 

XRAM Address 1C is also used to measure call progress energy detect power in the call detection mode for the Tone A bit. 

No. 27 Phase Error XCR: 1 XRAM Addr: 2A 

This Phase En-or is the input to the second order carrier recovery loop. 

No. 26 - Tone Power (TONEA/CALL PROGRESS MODE) 

No. 28 - Tone Power (ATBELL, BEL103, or TONEA/TONE MODE) 

No. 30 - Tone Power (ATV25, TONEB) 

No. 31 - Tone Power (TONEC) 

These values represent Post-AGC tone power measurement. Since the tone filters are available only in certain modes, these 
RAM locations are shared for tone power. Table 2 lists the tone power locations for each mode. See the RC2424DP/DS Data 
Sheet (Order No. MD543) for more information on the tone filters. 

Formula: 

Post-AGC Tone Power (dBm) = 10 LOG [(Tone Power Word)/(2 x $889)]dec 




XCR: 


1 


XRAM Addr: 


1C 


XCR: 


1 


XRAM Addr: 


2C 


XCR: 


1 


XRAM Addr: 


2D 


XCR: 


1 


XRAM Addr: 


2E 
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Figure 4. Ideal Points - V.22 bis 2400 bps 



Figure 5. ideal Points - V.22 A/B, Bell 212A 1200 bps 




Figures, ideal Points - V.22 A/B 600 bps 
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No. 29 - Tone Detect Threshold (Call Progress Energy) 
No. 32 - Tone Detect Threshold (ATBELL, BEL103, or TONEA) 
No. 33 - Tone Detect Threshold (ATV25 or TONES) 
No. 34 - Tone Detect Threshold (TONEC) 



YCR 
XCR: 
XCR: 
XCR: 



1 YRAMAddr: 2C 

1 XRAM Addr: 33 

1 XRAM Addr: 34 

1 XRAM Addr: 35 



Some RAM locations are shared for the tone detect threshold in different modes. Table 2 lists the tone detect threshold loca- 
tions for each mode. The threshold word is defined as a function of the change in threshold level. 

Formula: 

New Threshold Word = (Old Threshold Word)DEC EXP (change in dB/10) 

Convert value to hex to store in RAM 

The host has only limited control of the tone detect threshold with these access codes. To vary the threshold to a greater de- 
gree, the host must write to the Max AGC Gain Word (No. 5). 



Table 2. Digital Filter Access Codes 





Tone 




Filter 




Default 




Detect 


Tone 


Status 


Filter 


Tone 


Mode 


Threshold Address 


Power Address 


Bit 


Coefficient 


Detect (Hz) 


Dial/Call Progress 


20 


10 


TONEA 


1,2 


335-645 




33 


20 


ATBELL(0RG=1) 


3 


2225 




33 


20 


BEL103(ORG=0) 


3 


1270 




34 


2D 


ATV25 


4 


2100 


Tone Generation/ 












Detection 


33 


20 


TONEA 


1 


1300 




34 


2D 


TONEB 


2 


390 




35 


2E 


TONEO 


3 


980 (ORG=0) 
1650(ORG=1) 


Handshaice 


33 


20 


ATBELL(0RG=1) 


3 


2225 




33 


20 


BEL103(ORG=0) 


3 


1270 




34 


2D 


ATV25 


4 


2100 


Note: The host should set/clear the ORG bit before entering into Tone Generation/Dete( 


:tion mode. 






No. 35 - Zero Crossing Detector 



XCR: 



XRAM Addr: 



38 



The zero crossing detector is always available. The detector can measure tone frequencies between 100 Hz and 3000 Hz, 
and increments for both positive and negative zero crossings. To use the detector, the host writes $00 to the detector at loca- 
tion 38, delays for some amount of time, and then reads the value at location 38. The value read is ±1 crossing of the actual 
value. Note that the zero crossing detector will increment any time the received signal crosses zero. 

No 36 - Eye Quality Monitor Output XCR: 1 XRAM Addr: S2 

The error vector formed by the decision logic can be used to indicate relative signal quality. As signal quality deteriorates, 
the average error vector increases in magnitude. By calculating the magnitude of the error vector and filtering the results, a 
number inversely proportional to signal quality is derived. This number is called the Eye Quality Monitor (EQM). Because of 
the filter time constant, EQM should be allowed to stabilize for approximately 700 baud times following RLSD going active. 

The EQM value is the filtered squared magnitude of the error vector and represents the average signal power contained in 
the error component. The power is directly proportional to the probability of enors occurring in the received data and can be 
used to implement a discrete Data Signal Quality Detector circuit (circuit 110 of CCiTT Recommendation V.24 or circuit CG 
of the RS-232-C standard) by comparing the EQM value against experimentally determined criteria (bit error rate curves). 
Figure 7 illustrates the relationship of the EQM number to an eye pattern created by a four-point signal structure (e.g.. Bell 
212A/1200 bps) in the presence of high level white noise. The EQM value is proportional to the square of the radius of the 
disk around any ideal point. The radius increases when signal-to-noise ratio (SNR) decreases. As the radius approaches the 
ideal points' boundary values, the bit error rate (BER) increases. Curves of BER as a function of the SNR are used to estab- 
lish a criteria for determining the acceptability of EQM values. Therefore, from an EQM value, the host processor can deter- 
mine an approximate BER value. If the BER is found to be unacceptable, the host may cause the modem to fall back to a 
lower speed to improve BER. 
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it should be noted that the meaning of EQM varies with the type of line disturbances present on the line and with the various 
configurations. A given magnitude of EQM in V.22 bls/2400 does not represent the same BER as in V.22/1200. The former 
configuration has 16 points that are more closely spaced than the four signal points in the latter, resulting in a greater prob- 
ability of error for a given level of noise or jitter. Also, the type of line disturbance has a significant bearing on the EQM value. 
For example, white noise produces an evenly distributed smearing of the eye pattern with about equal magnitude and phase 
error while phase jitter produces phase error with little error in magnitude. 

Since EQM is dependent upon the signal structure of the modulation being used and the type of line disturbance, EQM must 
be determined empirically in each application. 



'V#i ' ?. ' 



EQM MAGNITUDE 




IDEAL POINT 
EYE PATTERN DISPERSION 



Figure 7. Relationship of EQM to Eye Pattern 



Nos. 37 - 51 Digital Filter Coefficients YCR: 1 VRAM Addr: (See Table 1) 

The digital filters in all modes are fully programmable Single Biquad II R filters, except for the call progress monitor - Tone A 
in Dial/Call Progress mode which is a Dual Biquad 11 R filter. All of the biquads follow the following transfer function: 
H(z) = 2 (ao+ ai t\ az T^ )/(1 -2 piZT^PaZ'^) 

Table 2 shows which filter coefficients correspond to the tone detect status bits in each mode. The modem will load default 
values each time the host changes modes. Table 3 shows calculate coefficient values for default tone detect filters. 
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Table 3. Calculated Tone Detect Values 



Frequency 
Detected (Hz) 


Coefficient Values 


ao 


ai 


aa 


Pi 


?2 


2225 


0666 


02A6 


0418 


D28A 


0289 


2100 


0666 


03B6 


0418 


DF89 


0289 


1650 


044E 


FD17 


0201 


105F 


028A 


1300 


05D1 


FA77 


03B9 


3502 


0289 


1270 


05D1 


FA72 


05D1 


37F8 


0289 


980 


0572 


FC52 


0370 


524B 


028A 


390 


06EC 


F4F3 


046E 


763D 


028A 
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INTRODUCTION 

The HDLC (High Level Data Link Control) protocol is a 
standard procedure used for data communications. SDLC 
(Synchronous Data Link Control) is a bit-oriented protocol 
which is a subset of HDLC. The same format is used in 
both protocols although all SDLC fields must be eight-bit 
octets. The RC2424DP/DS uses the SDLC protocol but it 
is referred to as HDLC to avoid confusion. 

HDLC FRAMES 

Data and control information on a HDLC link are trans- 
mitted via frames. These frames organize the information 
into a format specified by an ISO standard that enables the 
transmitting and receiving station to synchronize with each 
other. This format is shown in Figure 1 . Flags and the 
frame check sequence are distinguished from the other 
fields by status bits in the RC2424DP/DS Interface 
memory. 



INFORMATION 



ie-BITFCS FLAG 



FLAG ADDR CONTROL 
1 FRAME STARTS FRAME ENDS ' 

Figure 1. HDLC Frame 

FLAGS 

All frames start and end with a flag sequence. The begin- 
ning flag and the ending flag are defined by the bit pattern 
01111110 (7E). The ending flag for one frame can also 
serve as the beginning flag for the following frame. If 
separate ending and beginning flags are used, the final 
zero in the ending flag of one frame may also serve as the 
first zero of the beginning flag in the following frame. This 
process is known as "zero-sharing". The zero-sharing bit 
pattern is 011111101111110. 



ADDRESS FIELD 

The address field informs the receiver where the informa- 
tion is to go (if the primary station is transmitting) or where 
the message originated (if a secondary station is transmit- 
ting). This field is eight bits in length for the "basic" format. 

For the "extended" format, the length is N number of oc- 
tets, each octet having the first bit a binary zero with the 
exception of the last octet that begins with a binary one. 

CONTROL FIELD 

The control field defines the function of the frame. It may 
contain a command or response. The control field might 
also contain send or/and receive sequence numbers. This 
field can be In one of the following formats: 

1 . Information Transfer Format 

2. Supervisory Format 

3. Unnumbered Format 

This field is normally 8 bits in length. Certain protocols 
allow for an extended control field of 16 bits in length. 

INFORMATION FIELD 

The RC2424DP/DS does not distinguish between the ad- 
dress field, the control field, or the information field. The in- 
formation field does not have a set length; however, this 
field follows the SDLC protocol in being in the format of 
eight bit bytes. 

ZERO INSERTION 

Since flags mark the beginning and ending of a frame, 
some method must be implemented to inhibit or alter the 
transmission of data that appear as flags. The method 
used is called "zero insertion". HDLC procedures require 
that a zero be transmitted following any succession of five 
continuous ones. This includes all data in the address, 
control, information and Frame Check Sequence fields. 
Use of zero insertion denies any pattern of 01 1 1 1 1 1 to 
ever be transmitted between beginning and ending flags. 

The RC2424DP/DS transmitter always performs zero in- 
sertion when in HDLC mode. 
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ZERO DELETION 

When transmitting flags, zero insertion is disabled. During 
reception of data, after testing for flag recognition, the 
receiver removes a zero that immediately follows five con- 
tinuous ones. This Is termed "zero deletion". A one that fol> 
lows five continuous ones signifies either a frame abort 
(i.e., at least seven ones with no zero insertion) or a flag 
(i.e., 01 11 1 1 1 0). The sixth one is, therefore, not removed. 

The RC2424DP/DS receiver always performs zero dele- 
tion when In HDLC mode. 

FRAME CHECK SEQUENCE 

The purpose of the Frame Check Sequence (FCS) is to 
give a shorthand representation of the entire transmitted 
information field and to compare It to the Identically 
generated shorthand representation of the received se- 
quence. If any difference occurs, the received frame was 
in error and should be re-transmitted. 

The FCS computation Is done on all fields within the frame 
but does not Include the flags. Cyclic Redundancy Check 
(CRC) Is the method used. The polynomial is specified in 
SDLC and X.25 as follows: 

x^^ + x^^ + x^+ 1 

The polynomial is Implemented as shown in Figure 2. 

The Frame Check Sequence Is sent as two bytes of data 
immediately preceding the ending flag of the frame. The 
FCS register is first preset to all binary ones. The register 
is then modified by shifting In the data (no flags) contained 
In the address, control, and information fields. Following 
the last bit of data, the ones complement of the FCS 
register Is transmitted as the 1 6-blt FCS. The FCS is trans- 
mitted with the highest order bit (x^^ first. 

FRAME ABORTION, FRAME IDLE, AND TIME FILL 

Frame abortion prematurely finishes transmission of a 
frame. This occurs by sending at least seven consecutive 
ones with no zero Insertion. This abort pattern terminates 
a frame Immediately and does not require a FCS or an en- 
ding flag. 

An abort pattern followed by a minimum of eight addition- 
al consecutive ones idles the data link. Thus, seven to 
fourteen ones establish the abort pattern; fifteen or more 
ones constitute an idle pattern. 



Interframe time fill Is accomplished by transmitting con- 
tinuous flags. Therefore, the transmitter must be capable 
of sending multiple flags to maintain the active state in the 
receiver If any time fill is required. 

IMPLEMENTATION 

A representation of the HDLC process is shown in Figure 
3. The events are numbered in order of occurrence from 
one to four. 

1 . The beginning flag is transmitted. The receiver 
sees the flag and now becomes aligned with the 
transmitter. Both the receive and the transmitter 
FCS registers are preset to FFFF (hex). 

2. The information field Is transmitted. The data is 
also run through the FCS register before zero in- 
sertion. At the receive end, after the zero deletion 
algorithm, the data is presented to the user and 
then run through the FCS register. 

3. The FCS is inverted and then transmitted. The 
transmitted FCS is passed through the receiver's 
FCS register. The shift register will contain 
1111 00001 01 1 1 000 If the frame has been 
received correctly. 

4. The ending flag is transmitted. 

TRANSMITTER AND RECEIVER IMPLEMENTATION 

In order to use HDLC in the RC2424DP/DS, the host 
processor must: 

1 . Set up the modem configuration. 

2. Set the transmitter parallel data mode bit (TPDM). 
Received data is always available in parallel. 

3. Switch into synchronous mode by resetting the 
ASYNC bit, if not already in synchronous mode. 

4. Set the SYNCMD bits for SDLC/HDLC mode (01). 

Note: The user should enter into SDLC/HDLC mode only 
after the handshake is complete. 

HDLC transmission cannot be performed using the 
serial Interface. The format of the data input to the 
RC2424DP/DS is in groups of eight bit bytes. As in the 
normal synchronous parallel data mode, the least sig- 
nificant bit of the byte is transmitted first. 
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Figure 2. CRC Potynomlnal Inplementatlon 
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TRANSMISSION AND RECEPTION RATE 

The HDLC as implemented in the RC2424DP/DS can be 
used in all of the transmitter and receiver data modes, ex- 
cept for all FSK modes. 

FLAG TRANSMISSION AND RECEPTION 

Once in HDLC mode, the modem will send continuous 
flags with no zero sharing (i.e., 01 1 1 1 1 1 001 1 11 ..) until the 
user loads data into the transmit data buffer TBUFFER 
(register 10). Thus, the transmitter defaults to transmitting 
time-fill and keeps the receiving link station active. The 
status bit FLAGS (0F:0) indicates that the modem is trans- 
mitting the flag sequence. 

When in HDLC mode, the RC2424DP/DS receiver con- 
tinually searches for the flag data pattern. When one or 
more flags are detected, the interface memory status bit 
SYNCD (0F:1) is set. The flags themselves are not 
presented to the host through the receiver data buffer 
RBUFFER (register 00). 

The RC2424DP/DS also has the capability to detect con- 
secutive flags with zero-sharing. 



INFORMATION FIELD TRANSMISSION AND 
RECEPTION 

The host must load the data into TBUFFER and then wait 
for the transmit data buffer available bit TDBE (1 E:3) to be 
set by the modem before loading in the next byte of data. 
If the next byte is not loaded into TBUFFER within the next 
eight bit times, the modem interprets this as the end of a 
frame and will send the CRC sequence. 

In the receiver, data between flags is passed to the user 
through the RBUFFER register by the use of the hand- 
shaking bit RDBF (1 E:0). The user must wait for RDBF 
to be set by the modem and then take the data. If the 
host does not read the data within eight bit times, the 
data in RBUFFER will be ovenvritten by the next byte 
and the Overrun Error bit (0E:3) will be set. The flag se- 
quence and abort/idle sequence are not presented to 
the user. The receiver detemiines where the FCS field is 
by detecting the ending flag. There is at least a 16-bit 
time delay In the reception of data. 



RECEIVING LINK STATION 



BEGIN 



END 



FLAG 



FLAG 



MESSAGE POLYNOMIALv 



ZERO DELETE 



PREMULTIPLY BY xi6 



FCS REGISTER 



GENERATING POLYNOMIAL 
PRESET TO ALL IS 



1111000010111000 



I- ZERO DELETE 



CONTENTS OF SHIFT REGISTER 
AT END OF FRAME. 

SHIFT REGISTER CONTAINS ABOVE VALUE 
AT END OF FRAME IF TRANSMISSION IS 
ERROR FREE. 



TRANSMITTING LINK STATION 



(1) TRANSMIT FLAGS (4) 



(2) TRANSMIT MESSAGE 



(3) TRANSMIT FCS 



FLAG 



FLAG 



ZERO INSERT ■* 



/ 



MESSAGE POLYNOMIAL 



PREMULTIPLY BY xi6 



^ FCS REGISTER 



ItM —I 



GENERATING POLYNOMIAL 
PRESET TO ALL IS INVERT 

i 



ZERO INSERT 



FCS 



WHEN ENTIRE FRAME TRANSMITTED, FCS 
REGISTER CONTAINS REMAINDER OF 

MESSAGE POLYNOMIAL 



GENERATION POLYNOMIAL 
THE QUOTIENT IS DISCARDED. 



Figure 3. HDLC Process 
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FCS AND ENDING FLAG TRANSMISSION AND 
RECEPTION 

Following the detection of no new data loaded Into the 
TBUFFER register within the next eight bit times, the 
modem automatically sends the FCS and ending flag. 
Status bit CRCS (0A:0) In the Interface memory Is set just 
before the highest order bit (x^^ Is sent to indicate that the 
FCS Is being transmitted. Once the host sees this bit set, 
the first byte of the next frame can be loaded. In this case, 
the ending flag serves as the beginning flag for the next 
frame. The CRCS bit Is reset when the ending flag Is trans- 
mitted. At the same time, the FLAGS bit is set. 

Upon the receipt of an ending flag In the current frame 
(which may also be the beginning flag of the next frame), 
the receiver checks the data In the FCS register. If the FCS 
register remainder Is correct, the PE (0E:5) bit in the inter- 
face memory is left a zero. If the remainder is incorrect, the 
PE bit is set. The FCS field is also passed to the host. In 
case the host wishes to do his own CRC checking. The 
receiver will set the SYNCD bit and the PE bit (if the 
modem detected a frame with a bad CRC) after sending 
the FCS to the host. The modem does not change the PE 
bit until the end of the next frame when a correct or incor- 
rect frame is determined. However, the user can reset this 
bit anytime. The RC2424DP/DS presets the FCS register 
to all ones after one or more flags are received. 

After the FCS transmission (Immediately following bit x°), 
one flag is sent to signify the end of the current frame and 
the beginning of the next frame. After the final zero In a flag 
Is transmitted, the modem looks to see if the user has 
loaded new data Into TBUFFER. If no new data is loaded 
before this time, another flag is sent. Therefore, if more 
than one flag between frames Is desired, the host must 
wait N-1 multiples of eight bit times after FLAGS is set by 
the modem to load new data into TBUFFER, where N is 



the number of flags. The host then has seven bit times in 
which to load new data and thus prevent another flag from 
being sent. For example. If three flags are desired between 
frames, the host must wait at least 16 bit times and not 
more than 23 bit times after FLAGS is set by the modem. 

ABORT/IDLE SEQUENCE TRANSMISSION AND 
RECEPTION 

An abort/idle sequence can be sent by the host setting the 
bit MHLD (07:0) in the interface memory. This stops any 
normal frame transmission, as well as continuous flag 
transmission, and sends continuous ones. After the setting 
of MHLD is detected, the modem first completes the trans- 
mission of the current byte of data. Immediately after this 
transmission, the modem sends seven consecutive ones. 
After these seven bit times. If MHLD is still set, the modem 
continues to send ones until MHLD Is reset. To discontinue 
this sequence, MHLD must be reset. Then, if no new data 
Is loaded into TBUFFER, continuous flags are sent. If new 
data Is loaded into TBUFFER, the modem sends a begin- 
ning flag and then the data in TBUFFER. 

The RC2424DP/DS receiver not only continually sear- 
ches for flags, but also continually searches for an 
abort/idle sequence. When the receive modem en- 
counters this data pattern, it sets the FE bit (0E:4). After 
the modem sets the FE bit, it does not change the bit 
until the end of the next frame when the abort/idle se- 
quence Is again determined. However, the user can 
reset the FE bit anytime. Then, If an abort/Idle sequence 
is detected during the next frame, the modem will again 
set the FE bit. The reception of data following the 
abort/idle sequence is treated as invalid data and is not 
presented to the user. Therefore, to re-establish transmit- 
ter and receiver synchronization, the receiver must see 
at least one flag. Remember, the abort/idle sequence Is 
not output through the RBUFFER register. 
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AN EXAIUPLE IMPLEIi/IENTATION 

Refer to RC2424DP/DS data sheet (Order No. MD53) for 
a description of the bits associated with the HDLC func- 
tions. 

Transmitter Example 

1 . After handshal<e, reset the ASYNC bit. Then set 
the SYNCMD bits for SDLC/HDLC and set RTS. 

2. The modem starts transmitting flags immediately 
and continues with flags until the first byte of data 
is loaded into TBUFFER. 

3. Place the first byte of data into TBUFFER. The 
modem finishes transmitting the current fiag fol- 
lowed by this byte of data. 

4. As soon as TDBE is set, load in the next byte of 
data. This must occur within eight bit times of 
TDBE being set. 

5. After all information but the last byte is given to the 
modem, load in the last byte of data in the frame 
as in step 4. 

6. Wait until CRCS is reset to load in the first byte of 
the next frame. The modem follows the last byte 
of the current frame with the 1 6-bit FCS and a flag. 



7. Repeat steps 4 through 6 for all frames to be trans- 
mitted. 

Receiver Example 

The steps to perform a typical HDLC reception are: 

1 . After handshake, reset the ASYNC bit. Then 
monitor, through interrupts, the RDBF, OE, 
SYNCD, RE and FE bits in the Interface memory. 

2. Wait for an interrupt. If it is caused by the modem 
setting RDBF (RDBIA is also set by the modem), 
read the data in RBUFFER. The modem will set 
the NEWS and NSiA bits if any of the other bits 
caused the interrupt. An interrupt caused by OE 
indicates that RBUFFER was loaded with new 
data before the host read the old data. SYNCD in- 
dicates that the modem is receiving flags. PE indi- 
cates that the FCS had an incorect CRC. FE 
indicates that an abort/idle sequence is detected, 
and the frame that was aborted is invalid. The 
RC2424DP/DS does not set the SYNCD bit or the 
PE bit in this case since no FCS checking is done. 

3. Continue waiting for Inten^upts and take appropriate 
action when the interrupts are received. 
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INTRODUCTION 

This application note provides an example of a data ac- 
cess arrangement (DAA) suitable for use with an 
R1496MM, R9696DP, or R144DP modem. A description 
of the DAA, the schematic, parts list, and layout are in- 
cluded. A 4-to-2 wire hybrid schematic, parts list, and 
layout are also provided. 

NOTE: 

This interface is designed for use in the United States 
where F.C.C. Part 68 approval is necessary. The DAA in- 
terface provided in this application note has not been 
F.C.C. Part 68 certified. Rockwell International, therefore, 
assumes no responsibility for the use of the information 
provided in this application note. 



FEATURES 

Supports 2-wire dial-up as well as 4-wire leased lines 

Can be used with V.32 configurations where mini- 
mal harmonic distortion is critical. 

Pulse dialing capability using the Off-Hook relay 

Ring detection provided 

- Supports 2-wire and 4-wire leased lines 

Supports a 4-wire leased line environment with 2- 
wire dial backup 

Automatic connection/disconnection of telephone 
handset 

Small board area required: 100 mm x 120 mm (3.94 
in. X 4.73 in.) approximately 





Typical DAA Module 
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DAA INTERFACE DESCRIPTION 

The DAA interface signals are shown In Figure 1 . Figure 1 
shows an example of how the R1 496MM can be interfaced 
to the DAA for a 4-wire leased-line/2-wlre dial backup ap- 
plication. A schematic of the DAA is shown In Figure 2. The 
digital and analog Interface signals are described in Tables 
1 and 2, respectively. 

The DAA is controlled and monitored via five digital Inter- 
face signals. Two signals interface directly with the modem 
and three signals originate from a parallel port of either a 
microprocessor parallel interface adapter peripheral or a 
microcontroller. 



TXA, RXA, OHRC, and RD are dlre^connectlonsfrom the 
modem to the DAA. PD, 4W, and LL must be configured 
using a microprocessor peripheral device or by switches. 
For 4-wire leased line configuration, OH and PD should be 



at 5 volts and 4W and LL should be at ground. J3 is then 
the active jack. For 2-wlre dial configuration, OH should at 
ground (PD is only low during pulse dialing) and PD, LL, 
and 4W should be at 5 volts. J1 Is then the active jack. 



OHRC can be controlled by setting the RA bit In the inter- 
face memory of Chip of the R1496MM. RD can be 
monitored by reading the Rl J||t in the Interface memory of 
Chip 2 or by monitoring the Rl pin. 

Impedance Specifications 

Table 3 lists the on-hook and off-hook impedance 
specifications for the DAA J1 jack. 

DAA Power Requirements 

Table 4 spedfies the power requirements for two different 
DAA configurations. 



Ctto 



MICRO 
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34 
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35 
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Figure 1. DAA Interface Signals 
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Table 1. DAA Digital Interface Signal Description 



Signal 


Name 


Description 


LL 


Leased-Line 


n Is an active low input which configures the DAA for a le_^ed-line application. J3 is then 
the active jack used for the leased line connection. When LL is high, the DAA is configured 
for a dial-up application and J1 is the active jack. The typical delay from LL active to the 
close of the leased line relay is 3 ms. LL is an input to a 74LS05. 


OH 


Off-Hook 


OH is an active low input which closes the off-hook relay connecting the dial-up line to the 
DAA circuitry. OH^is used in conjunction with PD to pulse dial a telephone number. The typi- 
cal delay from OH active to the close of the off-hook relay is 3 ms. OH is an input to a 
74LS05. 


PD 


Pulse Dial 


PD is an active low Input which should be active wiien the user wants to use OH to pulse 
dial a a telephone number. When PD is active, the RD signal is prevented from going active. 
PD should be high when not pulse dialing. PD Is an input to a 74LS05. 


RD 


Ring Detector 


RD is an active low output which signals when a ringing signal is present on the line. RD is 
a square wave output which follows the ringing signal which appears across Tip and Ring 
on J1 . RD is an output from a 74LS05 which is pulled-up to 5V through a 1 0K fl resistor. 


4W 


4-Wire 


4W is an active low input which configures J3 as a 4.wire interface. When 4W is hiah, J3 is 
configured as a 2-wire interface. The typical delay from 4W active to the close of 4W relay is 
3 ms. 4W is an input to a 74LS05. 



Table 2. DAA Analog Interface Signal Description 



Signal 


Name 


Description 


TXA 


Transmit Analog 


TXA is the Transmitted Analog signal input to the DAA. Its input impedance is 20K Q. The 
gain from TXA to Tip/Ring of J1 and J3 is -6 dB (assuming there is a 600 Q load on J 1 or 
J3). No signal level limiter is included in the transmit path. The user must either attenuate or 
amplify the TXA output of the modem so that the signal level at J1/J3 complies with FCC 
Part 68 (or other appropriate) specification. 


RXA 


Receive Analog 


RXA is the Received Analog signal output of the DAA for the. Its output impedance is that of 
a 1458 operational amplifier. 


J1 


Dial-up Jack 


Pins 3 and 4 are Tip and Ring, respectively, for the 2-wire dial-up jack. This jack is active 
when the OH Input is low. 


J2 


Telephone Jack 


Pins 4 and 3 are Tip and Ring, respectively, for connection of a telephone to the 2-wire 
telephone line. This jack is active when the OH input is high. 


J3 


Leased-line Jack 


When the DAA is configured for 2-wire leased-line pins 3 and 4 are Tip and Ring, respective- 
ly, for the transmit and receive signal paths. When the DAA is configured for 4-wire leased- 
line, pins 3 and 4 are Tip and Ring, respectively, for the transmit path, and pins 5 and 2 are 
Tip and Ring, respectively, for the receive path. 
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Transformer Specifications 

The electrical and mechanical specifications of the trans- 
former shown In the DAA are given below. Table 5 
provides the electrical specification and Figure 3 shows 
the mechanical specifications. 

The transformer equivalent circuit is shown in Figure 4. 
Equivalent circuit parameters are listed in Table 6. 

DAA DESIGN CONSIDERATIONS 

Hazardous Voltage Protection 

Lightning induced surge voltages and other hazardous 
voltages are limited to 7 volts peak between the secondary 
leads of the coupling transformers T1 and T2. The isola- 
tion between the relay contacts and coils provides the 
protection of the telephone line from hazardous voltages 
appearing on any control lead. 



Table 3. On-hook and Off-hook Impedance 



Parameter 


Specification 


On-hook DC 

On-hook AC 

Off-hook DC 
Off-hook AC 


Greater than 1 0M Q for DC voltages 
up to 1 00 volts measured between 
Tip and Ring and between either Tip 
or Ring and signal ground. 

Less than 40K Q (1 5.3 Hz minimum) 
measured between Tip and Ring. 

Meets the DOC and EIA standards. 

600 Q nominal when measured be- 
tween Tip and Ring. 



Table 4. DAA Power Requirements 





Current (Typical) @ 25*C 


Voltage 


2.Wire Dial-up 


4-Wire Leased-Line 


+5V 

+12V 

-12V 


50 mA 
3 mA 
20 mA 


85 mA 
3 mA 
20 mA 


Note: 

1 . 2-wire dial-up/leased-line uses only one of the 
three relays 

2. 4-wire leased-line uses two relays. 

3. Ripple s1 00 mV peak-to-peak . 



DAA MODULE CONSTRUCTION 

Table 7 lists the components required to build the DAA 
module. 

Figures 5 through 8 provide the silkscreen and layout of 
the DAA circuit board. The layouts show the correct rout- 
ing of signals and component placement to minimize 
noise, crosstalk, and other problems which occur when 
analog and digital circuitry are close to each another. 

Table 5. Transformer Electrical Specification 



Parameter 


Values 


D.C Resistance 


45 Q ±10% each winding 


D.C. Unbalance 


mADC max. 


Dielectric 


1 500 VAC between windings 
(To meet or exceed FCC Part 68 
requirements) 


Distortion 


300 Hz +4.7 dBm: -71 dB max. 


Frequency Response 


±0.2dB,300Hz-3000Hz 


Impedance 


Primary: 600 Q 
Secondary: 530 Q ref. 


Insertion Loss 


0.85 dB max.. 1 kHz 


Longitudinal Balance 


60dBmin., 200 Hz -1000 Hz 
40dBmin., 1 kHz-4kHz 


Return Loss 


26 dB min., 300 Hz-3000 Hz 
Rl = 530Q 


Turns Ratio 


1:1 ±2% 




Table 6. Transformer Parameters 



Ref. 


Parameter 


Value 


Units 


1 


Network 






2 


Network Resistance 





Q 


3 


Network Capacitance 





F 


4 


Network Inductance 





H 


5 


Primary Capacitance 


80 


PF 


6 


Primary DCR 


45 


Q 


7 


Primary Inductance 


4.2 


H 


8 


Ind. Ratio 


2.215 


200:1 kHz 


9 


Parametric Resistance. 


25.2 


Q 


10 


Leakage Inductance 


2.62 


mH 


11 


Turns Ratio 


1 


PRLSEC 


12 


Secondry DCR 


45 


Q 


13 


Secondary Para. Capacitance 


90 


pF 


14 


Secondary Serial Capacitance 





F 


15 


Load Resistance 


530 


Q 


16 


Load Capacitance. 





F 


17 


Reference Resistance 


600 


Q 


18 


Reference Capacitance 





F 


19 


Low Frequency 


300 


Hz 


20 


High Frequency 


3000 


Hz 


21 


Reference Frequency 


1000 


Hz 
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Figure 3. Transformer Mechanical Dimensions 
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Table 7. DAA Module Parts Ust 



Designation 


Quantity 


Type 


Description 


C1,C6,C8 


3 


Capacitor 


.1 jiF ± 20% 50V, Z5U Ceramic 


C2 


1 


Capacitor 


.47 jiF ± 20% 400V. Metalized poly. 


C3 


1 


Capacitor 


6.8 jiF ± 20% 35V, Alum, electro. 


C4 


1 


Capacitor 


2 kF ± 20% 50V, Poly 


C5.C10 


2 


Capacitor 


.027 |iF ± 5% 50V, Ceramic 


C7,C9 


2 


Capacitor 


.033 |iF ± 5% 50V, Ceramic 


CR1,CR4.CR9,CR13 


8 


Diode 


1N4004 


CR2,CR3,CR10 


3 


Zener diode 


1N967B 


CR11,CR12,CR14,CR15 4 


Zener diode 


1N753A 


J1,J2,J3 


3 


Telepix}nejack 


RJ11C,6-position,R/A 


J4 


1 


Connector 


DIN, 96-pin, plug 


K1.K2,K3 


3 


Relay 


DPDT, 5V, 2 Form C 


Q1,Q2,Q3.Q5 


4 


Transistor 


MPSA20 


Q4 


1 


Transistor 


2N2102(T0-5case) 


R1,R2 


2 


Resistor 


10Q±5%1/2W 


R3 


1 


Varistor 


4.5A 


R4 


1 


Resistor 


7.5KQ±5%1W 


R5, R7, R9,R14 


4 


Resistor 


2.2KQ±5%1/4W 


R6 


1 


Resistor 


121 Q±1%1/4W 


R8, R18 


2 


Resistor 


536Q±1%1/4W 


R10 


1 


Resistor 


8.66KQ±1%1/4W 


^ R11 


1 


Resistor 


15.4KQ±1%1/4W 


R12 


1 


Resistor 


40.2KQ±1%1/4W 


R13 


1 


Resistor 


60.4KQ±1%1/4W 


R15.R22,R23 


3 


Resistor 


20.0Kn±1%1/4W 


R16.R17 


2 


Resistor 


37.4Q±1%1/4W 


R19 


1 


Resistor 


470Kfi*1%1/4W 


R20, R21 


2 


Resistor 


10KQ±1%1/4W 


T1,T2 


2 


Transformer 


Mldcom# 671 -1538 


U1 


1 


iC 


74LS05, Open-collector hex inverter 


U2 


1 


IC 


4N35, Photo coupled isolator 


U3 


1 


Opto relay 


LCA110 


U4 


1 


IC 


LM1458 Dual operational amplifier 
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Figure 5. DAA Module Silkscreen 




Figure 6. DAA Module Component Side Layout 
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Figure 7. DAA Module Padmaster Layout 




Figure 8. DAA Module Solder Side Layout 
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HYBRID INTERFACE DESCRIPTION 
Hybrid Transformer Requirements 

The hybrid Interface signals are shown in Figure 9. A 
schematic of the hybrid circuit is shown in Figure 10. 

HYBRID DESIGN CONSIDERATIONS 

The specifications for hybrid transformer is the same as for 
the DAA (see Table 5 and Figures 3 and 4). 

Hybrid Power Requirements 

Table 8 specifies the hybrid power requirements. 



Tabie 8. Hybrid Power Requirements 



Voltage 


Current (Typical) @ @25*C 


+12V 
-12V 


2.5 mA 
2.5 mA 


Note: Input voltage ripple s100 mV peak-to-peak. 



HYBRID lAODULE CONSTRUCTION 

Table 9 lists the components required to build the hybrid 
module. 

Figures 1 1 through 1 4 provide the silkscreen and layout of 
the hybrid circuit board. 
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Figure 9. Hybrid interface Signals 
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Figure 10. Hybrid Schematic 



Table 9. Hybrid Parts List 



Designation 


Quantity 


Type 


Description 


C1,C2 


2 


Capacitor 


0.1 jiF ±20% 50V, Z5U Ceramic 


CR1,CR2 


2 


Zener diode 


1N753A 


J1 




Telephone jack 


RJ11C,6-position,R/A 


J2 




Connector 


DIN, 96-pin, plug 


R1 




Resistor 


536Q±1%1/4W 


R2 




Resistor 


15.4KQ±1%1/4W 


R3 




Resistor 


8.66KQ±1%1/4W 


R4,R5,R6 


3 


Resistor 


20.0KQ±1%1/4W 


T1 




Transformer 


Midcom #671-1538 


U1 




IC 


LM1458,Dual operational amplifier 
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Figure 11. Hybrid Module Silicscreen 




Figure 12. Hybrid Module Component Side Layout 
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Figure 13. Hybrid Module Padmaster Layout 
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INTRODUCTION 

This programmer's guide is a supplement to the R144DP, 
R9696DP, and R1496DP data sheets. The information 
provided in this guide will aid the programmer in the design 
of an end product using the Rockwell ultra high speed 
modem products. 

The following information is provided: 

- DSP RAM Address Information 

- Handshake Timeout Timers 

- V.22bisA/.32 IntenA^orking 

- Retrain and Automatic Rate Change Procedures 

- Reading Device Revision Information 



DSP RAM ADDRESS INFORMATION 

The DSP RAM addresses are listed In Table 1 . 

Table 1 a superset of the RAM information within the three 
ultra high speed modems. Consult the appropriate data 
sheet for the addresses which apply to the modem being 
used. 

READING AND WRITING THE DSP RAM 

The procedure for reading and writing the DSP RAM is 
described in the R1496DP, R9696DP, and R144DP data 
sheets. 



Table 1. DSP RAM Addresses 









Address 










Address 










Code 












Code 




Real 


Imaginary 


Real 


Imaginary 






Chip 


Part 


Part 


CR 






Chip 


Part 


Part 


CR 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


No. 


Function 


No. 


(X) 


(Y) 


Biti 


1 


Transmitter Compromise Equalizer 










24 


Tone Detector B Bandpass 




2C 


_ 


1 




Coefficients 












Filter Coefficients 












First Tap 





5B 


— 




25 


Tone Detector C Bandpass 




32 


— 


1 




Last Tap 





34 


— 






Filter Coefficients 










2 


V 33/V 32 Rate Sequence 





93 


— 




26 


RLSD On-to-Off Threshold 




07 


— 


1 


3 


DTMF Tone Duration 





9A 


— 




27 


RLDS Off-to-On Threshold 




01 


_ 





4 


DTMF Interdigit Delay 





1A 


— 




28 


Receiver Chip 1 New Status Bit (NEWS1) 










5 


DTMF Low Band Power Level 





19 


— 






Masking Register for 1 A and 1 B 




9B 


— 


1 


6 


DTMF High Band Power Level 





99 









Masking Register for 1 C and 1 D 




9C 


— 


1 


7 


Pulse Relay Make Time 





9C 


— 






Masking Register for 1 E and 1 F 




9D 


_ 


1 


8 


Pulse Relay Break Time 





1C 


— 




29 


Received Signal Samples 




03 


— 





9 


Pulse Interdigit Delay 





IB 


— 




30 


Demodulator Output 




04 


84 





10 


Transmitter Output Level Gam Constant 





99 


— 





31 


Low Pass Filter Output 




00 


80 





11 


Tone Transmit Frequency 





87 


— 





32 


Average Energy 




02 


— 





12 


Transmitter New Status Bit (NEWSO) 





11 


— 


1 


33 


AGC Gam Word 




01 


— 


1 




Masking Register for E and F 










34 


Timing Recovery Update 




25 


— 





13 


Total Span of Echo Canceller 





9D 


— 





35 


Equalizer Input 


2 


18 


98 





14 


Echo Canceller Dividing Point 





AO 


— 





36 


Equalizer Tap Coefficients 










15 


Far End Echo Canceller Center 
Tap Position 





24 


— 







First Tap 
Last Tap 


2 
2 


18 
47 


98 
C7 


1 
1 


16 


Echo Canceller Update Coefficient 





24 


— 


1 


37 


Unrotated Equalizer Output 


2 


01 


81 







(Training Mode) 










38 


Rotated Equalizer Output 


2 


02 


82 


1 


17 


Echo Canceller Update Coefficient 





A4 


— 


1 




(Received Points) 












(Data Mode) 










39 


Decision Points (Ideal Points) 


2 


02 


82 





18 


CTS OFF-to-ON Response Time 





10 


— 


1 


40 


Equalizer Error 


2 


03 


83 







(RTS-CTS Delay) 










41 


Equalizer Rotation Angle 


2 


87 


— 


1 


19 


Round Tnp Far Echo Delay 





9E 


— 





42 


Equalizer Frequency Correction 


2 


OA 


— 


1 


20 


Echo Canceller Error 





20 


— 





43 


Eye Quality Monitor (EQM) 


2 


07 


— 


1 


21 


Far End Echo Frequency Offset 





20 


— 


1 


44 


Maximum Period of Valid Ring Signal 


2 


17 


— 





22 


Far End Echo Level 





25 


— 





45 


Minimum Period of Valid Ring Signal 


2 


97 


— 





23 


Tone Detector A Bandpass 
Filter Coefficients 


1 


26 




1 


46 


Receiver Chip 2 New Status Bit (NEWS2) 
Masking Register for E and F 


2 


7E 


— 





Note: 1 CR corresponds to XCRO, YCRO, 


XCR1,YCR1,XCR2, c 


)r YCR2 depending on the chip number and address 


code 
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RAM addresses which are specified as having a real (or X) 
part only, can be loaded in the VRAM Address register as 
well. The RAM address specifies whether or not the DSP 
should do an X access or a Y access, not the register in 
which the address is stored. This allows two different RAM 
accesses to occur when the result is not a complex num- 
ber. 

Example: 

If the user wants to read the pulse relay make and break 
times simultaneously, the RAM address for the make time 
can be stored in the XRAMO Address register and the RAM 
address for the break time can be stored in the YRAMO Ad- 
dress register. Both the XCRO and YCRO bits should be 
set to a 1 . The XWTO and the YWTO bits should be reset 
to a 0. The XACCO and YACCO bits should then be set to 
a 1 . When they are reset to a by the DSP, the pulse make 
time data will be in the XDAMO and XDALO registers and 
the pulse break time data will be in the YDAMO and YDALO 
registers. 

Function 1: Transmitter Compromise Equalizer 
Coefficients 

The transmitter compromise equalizer can be 
programmed by the user. The equalizer is a 40-tap finite 
impulse response (FIR) digital filter. The first tap is at ad- 
dress $5B ($ denotes a hexadecimal number) and the last 
tap is at $34. The sampling rate for the filter is 9600 Hz (ex- 
cept V.21 which has a 7680 Hz sampling rate ). New coef- 
ficients should be loaded while the modem is in idle mode 
before turning on DTR (2-wire full duplex modes) or RTS 
(4-wire full duplex modes). The coefficients have to be 
loaded only once. They are re-Initialized only If a POR oc- 
curs. The user should ensure that the overall gain of any 
filter designed is 1 . The coefficients are 16-bit 2s comple- 
ment numbers. 

Function 2: Rate Sequence 

CCITT defines the V.32 rate sequence bits as follows: 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
DATA I 01 01 01 01 XI XI XI 1| XI XI XI l| Xl XJ x] l] 

B0 = MSB:B15 = LSB 



CCITT defines the V.33 rate sequence bits as follows: 
Bit 14 = 0: 



B0-B3, 

B7, B11,B15 

B4 

B5 

B6 

B4-B6 

Bd 



B9-B14 



for synchronizing on the rate sequence 

a 1 denotes the ability to receive at 2400 bps 

a 1 denotes the ability to receive at 4800 bps 

a 1 denotes the ability to receive at 9600 bps 

calls for a GSTN cleardown 

a 1 denotes the ability of trellis encoding and 

decoding at the highest data rate Indicated in 

B3-B6. 

01 denotes absence of special 

operational modes. 



BIT 
DATA 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

01 01 01 01 XI XI Xj 11 XI XI XI 11 xl xl 01 11 



B0 = MSB;B15 = LSB 

B0-B3, 

B7, B11 , B1 5 for synchronizing on the rate sequence 

B4-B6 not defined 

B10, B12 not defined 

B13 not defined 

B8 a 1 denotes the ability to receive at 1 2000 bps 

B9 a 1 denotes the ability to receive at 1 4400 bps 

Bit 14 = 1: 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DATA \ 0! 01 01 01 xl X| X| II XI xj xl II xl X| II 1| 

B0 = MSB;B15 = LSB 

B0-B3, 

B7, B1 1 , B1 5 for synchronizing on the rate sequence 

B4, B5 a 00 denotes that B6, BIO, B 12, and B1 3 define 

multiplexer configuration selection 
B8 a 1 denotes the ability to transmit and receive 

at 12000 bps 
B9 a 1 denotes the ability to transmit and receive 

at 14400 bps 



B6, B10, 
B12, B13 



multiplexer configuration selection (see the V.33 
specification for multiplexer configurations) 




The V.32 and V.33 rate sequences contain undefined 
codes and/or bits. The user can use these bits to convey 
information to the remote modem during training (e.g., 
remote configuration, multiplexer configuration, test mode 
configuration, etc). This section discusses how to use 
these bits. 

The 16-bit rate sequence word in the modem's RAM cor- 
responds exactly to the 16-bit rate sequences defined in 
V.32 and V.33. The MSB of the word in RAM is 80 of the 
rate sequence and the LSB is B1 5 of the rate sequence. 



Modem 


Rate 


Configuration 


Sequence (Hex) 


V.32T/9600 


0791 


V.32/9600 


0711 


V.32/7200 


0711 


V.32/4800 


0591 


V.33/14400 


01 01 


V.33/12000 


0191 


V.33/9600 


0111 


V.33/7200 


0111 
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V.32 Rate Sequence 

In the V.32 rate sequence, bits B9, B10, B12, 813 and 814 
are not used by the Rockwell modems. ( Note that the V.32 
specification says that if 89-814 = 001000, then this 
"denotes absence of special operational modes".) These 
bits are initialized to by the modem. To use these bits, a 
read-modify-write of the rate sequence RAM location must 
be performed while the modem is in idle mode (DTR inac- 
tive). Do not alter any of the defined bits in the rate se- 
quence (80-88, 81 1 , or 815). The bits can be read out of 
the Interface memory at the receiving modem. The rate se- 
quence is available in RSEQM (1:1:0-7) and RSEQL 
(1:0:0-7) during the handshake when status bit RSEQ 
(1:C:0) is a 1. RSEQM contains 80-87 (1:1:7 = 80) and 
RSEQL contains 88-815 (1:0:0 = 815). 

To use bits 89, 810, 812, 813 and 814 during a retrain, 
the rate sequence must be modified after Initiating a retrain 
(with the RTRN bit ), since the rate sequence is initialized 
at the start of a retrain. The rate sequence can be modified 
any time after detecting the first part of the retrain hand- 
shake (ACDET in originate mode, AADET in answer 
mode) and before sending the rate sequence (R2 in 
originate mode, R1 in answer mode). 

V.33 Rate Sequence 

In the V.33 rate sequence, bits 84, 85, 86, 810, 812, 813 
and 81 4 are not used by the Rockwell modems. These bits 
are initialized to by the modem. Note that the modem 
does not support the multiplexer configuration codes 
defined In Table 48 of the V.33 specification (when 
81 4= 1). It is left for the user to implement this feature. To 
use bits 89, 810, 812, 813, or 814, a read-modify-write of 
the rate sequence RAM location must be performed while 
the modem is in idle mode (RTS inactive). Do not alter any 
of the defined bits in the rate sequence (80-83, 87-89, 
811, and 815). The bits can be read out of the interface 
memory at the receiving modem. The rate sequence is 
available In RSEQM (1 :1 :0-7) and RSEQL (1 :0:0-7) during 
the training sequence when status bit RSEQ (1 :C:0) is a 1 . 
RSEQM contains 80-87 (1:1:7 = 80) and RSEQL contains 
88-815(1:0:0 = 815). 

To use bits B9, 810, 812, 813, and 814 during a retrain, 
the rate sequence must be modified after initiating a retrain 
(with the RTRN bit), since the rate sequence is initialized 
at the start of a retrain. The rate sequence can be modified 
any time after detecting the first part of the retrain se- 
quence (P2DET) and before sending the rate sequence. 



Function 3-9: Dialing Parameters 

The dialing parameters are listed in Table 2. 

Table 2. Function 3 - 9 Dialing Parameters 



Function 


Parameter 


Default Value 


(Hex) 


(Dec) 


Units 


3 


DTMF Tone Duration 


$0390 


95 


ms 


4 


DTMF Interdigit Delay 


$02A9 


71 


ms 


5 


DTMF Low Band Power 










Level 


$1F70 


-4 


dBm 


6 


DTMF High Band Power 










Level 


$2650 


-2 


dBm 


7 


Pulse Relay Make Time 


$0159 


36 


ms 


8 


Pulse Relay Break Time 


$0266 


64 


ms 


9 


Pulse Interdigit Delay 


$1020 


750 


ms 



For Functions 3, 4, 7, 8, and 9, the time T (In seconds) Is 
calculated as follows: 

N = T X 9600 

where: N is the decimal equivalent of the hex number 
that should be written into RAM. 

For Function 5, the DTMF low band power level (L) in d8m 
Is calculated as follows: 

N = log""'[(L+4)/20]x8048 

where: N is the decimal equivalent of the hex number 
that should be written in RAM. 



L (dBm) 


N (decimal) 


N (hex) 


+6 


25450 


636A 


+5 


22682 


589A 


+4 


20216 


4EF8 


+3 


18017 


4661 


+2 


16058 


3E8A 


+1 


14312 


37E8 





12755 


31 D3 


-1 


11368 


2C68 


-2 


10132 


2794 


-3 


9030 


2346 


-4 


8048 


1F70 


-5 


7173 


1C05 


-6 


6393 


18F9 



For Function 6, the DTMF high band power level (H) in 
d8m is calculated as follows: 

N = log"''[(H + 2)/20]x9808 



where: 



N is the decimal equivalent of the hex number 
that should be written In RAM. 
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H (dBm) N (decimal) N (hex) 



+6 


24637 


603D 


+5 


21957 


55C5 


+4 


19570 


4C72 


+3 


17441 


4421 


+2 


15545 


3CB9 


+1 


13854 


361 E 





12348 


303C 


-1 


11005 


2A5D 


-2 


9808 


2650 


~3 


8741 


2225 


-4 


7791 


1E6F 


-5 


6944 


1B20 


-6 


6188 


182C 



NOTE: 

The compromise equalizer should be off (CEQ = 0) to out- 
put the correct DTMF levels. The transmit level bits f fLVL) 
also affect the DTMF levels. The transmit level bit at- 
tenuate the DTMF tones an additional amount to that 
specified by Functions 5 and 6. 

Function 10: Transmitter Output Level Gain Constant 

The transmitter output level gain constant (G) in dBm is 
calculated as follows: 

N = log""^ [G/20] X 32767 (G ^ 0) 

where: N is the decimal equivalent of the hex number 
that should be written in RAM. 

G (dBm) N (decimal) N (hex) 

32767 7FFF 

-0.1 32392 7E88 

-0.2 32021 7D15 

-0.3 31655 7BA7 

-0.4 31292 7A3C 

-0.5 30934 78D6 

-0.6 30580 7774 

-0.7 30230 7616 

-0.8 29884 74BC 

-0.9 29542 7366 

The default gain is (N = $7FFF). 

The transmitter output level gain constant directly controls 
the output level of ail configurations. It is used for fine 
tuning the output level which is controlled by the TLVL bits. 
Therefore, 

Output Level = TLVL Setting + Transmitter Output 
Gain in dBm 



Function 11: Tone Transmit Frequency 

Frequency F (in Hz) is calculated as follows: 

N = F/0.1 46486 

where: N is the decimal equivalent of the hex number 
which should be written into RAM. 



F(Hz) 


N (decimal) 


N (hex) 


300 


2048 


800 


400 


2731 


AAB 


445 


3038 


BDE 


600 


4096 


1000 


1200 


8192 


2000 


1800 


12288 


3000 


2100 


14336 


3800 


2250 


15360 


3C00 


2400 


16384 


4000 


3000 


20480 


5000 


3600 


24576 


6000 


4000 


27306 


6AAA 



Transmission of a single tone is accomplished by writing 
an $80 into the TCONF register, programming the tone 
transmit location in RAM, and then activating RTS. The 
tone will be transmitted as long as RTS is active. 

Function 12: Transmitter NEWSO Masicing Register 

Writing a 1 in the bit location corresponding to the desired 
bit will cause NEWSO to go active when a status change 
occurs for the selected bit. All bits default to at power-on- 
reset. Figure 1 shows the applicable masking register bits, 
status bits. 

Functions 13-17 and 19-22: Echo Cancellation 

The echo canceller has a total span of 53.3 ms (128 
bauds). This is divided between near-end and far-end can- 
cellers. The default value for the dividing point is 56 bauds 
(Function 14 ), giving a near-end canceller of 23.3 ms and 
a far-end canceller of 30 ms. 

NT = NN + NF = Total span of echo canceller in 
number of bauds (Function 13) 

NN = Echo canceller dividing point in number of 
bauds (Function 14). NN is also the span of 
the near-end canceller in number of bauds. 

NF = NT - NN = Span of far-end canceller in num- 
ber of bauds 

NO = Far end echo canceller center tap position in 
number of bauds (Function 15) 




Modem 
Register 


Bit 


RAM 
Register 


7 


6 


5 


4 


3 


2 


1 





0:0F 
0:0E 


- 


- 


CTS 


DSR 


- 


TM 


~ 


- 


DAMO 
DALO 



Figure 1. NEWSO Masicing Register 
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The Echo Canceller Dividing Point 

A common requirement is to siiorten the span of the near- 
end canceller (NN). The default span is quite large. This 
was mainly chosen to help deal with the effects of inter- 
mediate echo in the United States. However, if during the 
V.32 handshai<e the round-trip delay is found to be less 
than the span of the near-end canceller, the far-end can- 
celler simply concatenates with the near-end canceller. In 
other words, part, or all, of the impulse response of the far- 
end echo falls within the span of the near-end canceller. 

This could be a problem in Europe. The near-end canceller 
is unable to deal with frequency offset (phase roll) on the 
echo. However, this type of impairment Is common in 
European networks. Round-trip delays will also be fairly 
short. Hence If a significant far-end echo is present which 
Is impaired by frequency offset and the round-trip delay is 
less than the span of the near-end canceller, there will be 
a performance degradation. Note that if there is no fre- 
quency offset then there is no problem with the near-end 
canceller cancelling far-end echos. 

The span of the near-end canceller is changed by 
programming Function 14, the Echo Canceller Dividing 
Point. A more useful span for Europe may be in the range 
10 ms - 15 ms. For example, if a 12.5 ms near-end can- 
celler is required, then the Echo Canceller Dividing Point 
should be set to $001 E. 

Far End Canceller Center Tap Position 

Changing the Echo Canceller Dividing Point also affects 
the span of the far-end canceller. For example, if the divid- 
ing point is changed to $001 E, then the span of the near- 
end canceller is 12.5 ms and the span of the far-end 
canceller Is 40.8 ms (assuming the default total span of 
53.3 ms). It is recommended that if the dividing point is 
changed, then Function 1 5, the Far End Canceller Center 
Tap Position, should also be changed. 

The Center T6ap, NC, should be set as follows: 

NC = (NT-NN)/2 

Total Span of Echo Canceller 

Even more flexibility is available by allowing the user to 
reduce the Total Span of the Echo Canceller (NT), Func- 
tion 1 3. 

For example, If a 12.5 ms near-end canceller and a 30 ms 
far-end canceller are required, parameters NT, NN and NC 
should be set as follows: 

NT = $0066 (42.5 ms) 

NN = $001 E (12.5 ms) 

NC = $0024 



If the total span is reduced by a significant amount from the 
default value, it may be necessary to change the Echo 
Canceller Update Coefficients, Functions 15 and 16. 
However, unless the total span is reduced to 30 ms or less, 
this should not be necessary. 

Table 3 lists the echo canceller parameters. 



Table 3. Function 13-17 Parameters 



Function 


Parameter 


Default Value 


Hex 


Dec. 


Units 


13 


Total Span of the Echo 










Canceller 


$0080 


53.3 


ms 


14 


Echo Canceller Dividing 










Point 


$0038 


23.3 


ms 


15 


Far End Echo Canceller 
Center Tap Position 


$0024 






16 


Echo Canceller Update 
Coefficient (Training) 


$0004 






17 


Echo Canceller Update 
Coefficient (Data) 


$000D 







When to change echo canceller functions: 

Functions 1 3,1 4, and 1 5 should only be changed when the 
modem is in idle mode before turning on DTR. The 
parameters have to be written into RAM only once. They 
will be altered only if a power-on-reset to the modem oc- 
curs. 

Restrictions on echo canceller parameters: 

There are some restrictions on the values of Functions 13 
and 14 (NT and NN). 

NT value restrictions: 

- value must be even 

- minimum value = (NN + 6) if there is a far-end 
canceller 

- minimum value = NN if no far-end canceller is 
required 

- maximum value = 128 ($0080) 

NN value restrictions: 

- value must be even 

- minimum value = 6 if there is a near-end 
canceller 

- minimum value = if no near-end canceller is 
required 

- maximum value = NT 

Note that it is possible to make the canceller completely 
near-end (NN = NT) or completely far-end (NN = 0). 
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Function 13: Total Span of the Echo Canceller 

NT = Total Span of Echo Canceller x 2.4 ms 

where: NT is the decimal equivalent of the hex num- 
ber which should be written into RAM. 

(Note: programmable function is not available in B code) 

Function 14: Echo Canceller Dividing Point 

NN = Echo Canceller Dividing Point x 2.4 ms 

where: NN is the decimal equivalent of the hex num- 
ber which should be written into RAM. 

Function 19: Round Trip Far Echo Delay 

Function 19 provides the value of the round-trip delay 
measured during the V.32 handshake. 

Round Trip Far Echo Delay = RT x 0.416667 ms 

where: N is the decimal equivalent of the hex number 
which should be read from RAM. 

This parameter can be read any time after the completion 
of the first part of the V.32 handshake for measuring the 
round-trip delay (see the V.32 specification). 

Function 20: Echo Canceller Error 

Function 20 is the input to the receiver before the AGC In 
V.32 configurations. It is a 9600 Hz sampled signal. Note 
that it is sampled at the transmitter timing and not receiver 
timing. The parameter Is a 16-bit 2s complement number. 

Function 21: Far End Echo Frequency Offset 

Function 21 provides the far-end echo frequency offset 
(FO), sometimes known as phase roll, in V.32 configura- 
tions. 

Far End Echo Frequency Offset = FO/1749 Hz 

where: N is the decimal equivalent of the hex number 
which should be read from RAM. 

Function 21 is a 16-bit 2s complement number. It is not 
valid until rate sequence R3 is detected in the originate 



modem, or rate sequence R2 is detected in the answer 
modem. 

Function 22: Far End Echo Level 

Function 22 provides the far-end echo power level at RXA 
in V.32 configurations. 

Far End Echo Level = -83.7 + 20 x log N dBm 

where: N is the decimal equivalent of the hex number 
which should be read from RAM. 

Function 22 is not valid until rate sequence R3 is detected 
in the originate modem or rate sequence R2 is detected in 
the answer modem. 

Function 18: CTS OFF-to-ON Response Time 
(RTS-CTS Delay) 

Function 18 determines the CTS off-to-on response time 
in 2-wire full-duplex configurations. The response time 
equation varies according to the configuration selected. 

Configuration Response time equation 

V,32 N = (Response time x 2.4 ms) -1 

V.22 bis, V.22.Bell 212A N = (Response time x 0.6 ms) -1 
V.23,Bell 1 03 N = Response time x 9.6 ms 

V.21 N = Response time x 7.68 ms 

where: N is the decimal equivalent of the hex number 
which should be written into RAM. 

The default values are listed in Table 4. 



Table 4. Function 18 Parameters (RTS-CTS Delay) 




Function 


Configuration 


Default Value | 


Hex. 


Dec. 


Units 


18 












V.32 


$0000 


0.4 


ms 




V.22bis,V.22.Bell212A 


$0000 


1.6 


ms 




V23,Bell 103 


$07E0 


210 


ms 




V.21 


$0F00 


500 


ms 





Table 5. DSP RAM Address for TONEA, TONEB, and TONE 


EC 






TONEA 


TONEB 


TONEC 


Prefiiter 




BIquadI Biquad2 


BIquadI Biquad2 


Biquadi Biquad2 


Biquadi 


Biquad2 


A3 


27 A7 


2D AD 


33 B3 


38 


B8 


A2 


28 A8 


2E AE 


34 B4 


39 


B9 


A1 


29 A9 


2F AF 


35 B5 


3A 


BA 


B2 


2A AA 


30 BO 


36 B6 


3B 


BB 


B1 


2B AB 


31 B1 


37 B7 


3C 


BC 


LPFBK 


A6 


AC 


B2 






LPGAIN 


26 


2C 


32 






THRESHU 


23 


24 


25 






THRESHL 


A3 


A4 


A5 
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Function 23 through 25: Tone Detector Filter Tuning 

A block diagram of the three tone detectors is shown in 
Figure 2. Tone detector C is preceded by a prefilter and a 
squarer. The purpose of the low pass filter (LPF) and 
squarer is to allow the user to detect dual tones while 
rejecting the main channel energy. The user would 
program TONEC to detect a difference frequency 
generated by the squarer for detection of, for example, 
350 Hz and 440 Hz. The prefilter would be designed to 
reject the energy in the 600 to 3000 Hz band. If the dual 
tone pair of 350 and 440 Hz appeared (or unfortunately 
any other frequency pair in the range of 300 to 600 Hz with 
a difference of 90 Hz) TONEC would turn on. 

A control bit has been added in D code. This bit, called 
SQDIS (1 :2:6), allows the squarer in front of tone detector 
C to be disabled. If the squarer is disabled then tone detec- 
tor C will have four cascaded biquads (since there is a 
prefilter consisting of two biquads), forming an eight order 
IIR filter with user programmable coefficients. 

The implementation of the filters in the ultra high speed 
modems allows user definition of the characteristics of the 
prefilter and the three tone detectors. Table 5 provides the 
DSP RAM Address codes for the filter coefficients. 
Figure 3 shows that the prefilter and the main filter sec- 
tions of the tone detectors are fourth order (two-second 
order biquads in cascade), thereby allowing a wide variety 



of filter characteristics to the synthesized. The only limita- 
tion on these user-definable shapes is that their gain 
should be around unity at the pass frequencies to avoid 
problems of saturation at one extreme (gain too high) and 
digital noise at the other (gain too low). Computation of the 
filter coefficients can be performed by any infinite impulse 
response (IIR) filter design program which outputs the 
coefficients in cascaded second-order sections. 

For tone detectors A and B, there is a rule of thumb for 
choosing the gain of a user-designed filter. If the user 
wishes to use the default threshold value and designs the 
filter for dB gain In the passband, then the absolute turn- 
on threshold will be -30 dBm. Therefore, to get a turn-on 
threshold of -43 dBm, the filter should have a gain of 13 
dB in the passband. 

The level detector in each of the tone detectors flags the 
detection of a tone If it Is in the tone detector passband and 
if it Is above a certain threshold defined by THRESHU. The 
tone detected flag will remain set until, or unless, the tone 
falls below a lower threshold defined by THRESHL. 

The first-order low pass filter In each level detector, 
defined by the coefficients LPGAIN and LPFBK, controls 
the response time of each tone detector. Normally, these 
coefficients will not require alteration but if, for example, a 
rapid cadence must be detected on a tone, then the 3dB 
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TONEA 
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TONEC BIT 




TONEB BIT 




TONEA BIT 





Figure 2. Tone Detectors 
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cutoff is the on-time or off-time of the tone, whichever is 
shorter. The gain of the filter should be set to unity. 

Example: 

A call-progress tone detector is required for the U.S. 
telephone network and should detect the appropriate 
tones only if the exceed -25 dBm. 

Solution: 

The requirement can be met by detecting tones in the 
range 250 Hz-650 Hz. A bandpass filter with a passband 
of 245 Hz-650 Hz must be designed. Any filter up to fourth 
order can be implemented and, normally, it is best to 
choose the highest order available, especially for 
bandpass designs. A design package such as FILSYN 
could carry out this function by defining the passband fre- 
quencies, the filter order, the filter gain (chose unity) and 
the filter sampling rate (9600 Hz). An example of suitable 
coefficients is: 



design are greater than one. This Is because the biquad 
sections have been implemented as shown in Figure 3. 
The modified values are, therefore: 



Al' A2' 


A3' 


Br 


B2' 


Biquad 1 0.0219 


-0.0219 


0.8684 


-0.4418 


Biquad 2 0.0437-0.0621 


0.0437 


0.9072 


-0.4278 



The last step is to convert the above numbers to fraction- 
al 2s complement numbers, in this case: 





Al" 


A2" 


A3" 


81" 


82" 


Biquad 1 


02CC 





FD34 


6F28 


C774 


Biquad 2 


0598 


F80C 


0598 


741 F 


C93E 



The second part of the requirement is to detect tones only 
If they exceed -25 dBm. The values of THRESHU and the 
corresponding tone level detected are: 



Al A2 


A3 


B1 


82 


Biquad 1 0.0436 


-0.0437 


1.7369 


-0.8836 


Biquad 2 0.0874-0.1242 


0.0874 


1.8145 


-0.8556 



THRESHU 

$1000 

$0800 

$0400 

$0220 

$0090 



Tone Level Detected (dBm) 
+3 
~3 

-10 
-15 
-25 



The first modification to make to these values is to divide 
them by two because coefficients greater than one are un- 
realized in the actual filter Implementation. This division 
should be done even if none of the coefficients in the 



THRESHU should be $90. If no hysteresis is required in 
the tone detector, then set THRESHL to $90. If 6 dB of 
hysteresis is required, set THRESHL to $48 (-31 dB). This 
value represents half of THRESHU. Many other values of 
THRESHU and THRESHL are allowable, but, normally, 




Al X 



T — ►] T -#• 



A3 X 



n a 



B2 



Q 



B1 



ABSOLUTE 
VALUE 



T 



LPGAiN 



COMPARE 
THRESHU, 
THRESHL 



ul 



NOTE: THE PREFILTER IS THE SAME EXCEPT FOR THE X 2 SECTION. 



a. Biquad Filter 



LPFBK 



b. Level Detector 



Figure 3. Biquad Filter and Level Detector 
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THRESHU = THRESHL for reliable operation. Other filter 
designs may require different values to those shown 
above. 

Table 6 shows the filter coefficient values for specific fil- 
ters. 

Function 26: RLSD On-to-Off Threshold 

The number calculated for Function 26 may not give an ac- 
curate threshold. The threshold will vary from configura- 
tion to configuration and the number may need fine tuning 
by trial and error to achieve the desired threshold. The 
number should only be written into RAM when the modem 
is in data mode with RLSD on. 

N = log~''[(TOFF - TON)/10] x 1946 (B and D code) 

N = log~^[(TOFF - TON)/10] x 1735 (after D code) 

where: TOFF is the RLSD On-to-Off threshold 

TON is the RLSD Off-to-On threshold in dBm. 

N is the decimal equivalent of the hex number 
which should be written into RAM. 

Function 27: RLSD Off-to-On Threshold 

The number calculated for Function 27 may not -give an ac- 
curate threshold. The threshold will vary from configura- 
tion to configuration and the number may need fine tuning 
by trial and error to achieve the desired threshold. The 
number should be written into RAM every time the modem 
is in idle mode. 



N = [1024 X int(X)] + [6456.3 (1 - 10E(- Y/20))] 
where: X = (47 + T0N)/1 .5 (B and D code) 

X = (47.5 + T0N)/1 .5 (after D code) 

Y = 47 + TON - (1 .5 X int(X)) (B and D code) 

Table 6. DSP RAM Filter Coefficients 



Y = 47.5 + TON - (1 .5 X int(X)) (after D code) 

TON is the desired threshold in dBm 

int( X ) is the truncated integer part of 
expression X. 

N is the decimal equivalent of the hex number 
which should be written into RAM. 

Example : 

If is desired to set the RLSD Off-to-On threshold to -43.5 
dBm. 

Then: 

X= (47- 43.5)71.5 = 3.5/1 .5 
int(X)=2 

Y= 47 -43.5 -(2x1.5)= 0.5 
Therefore: 

Y = (1024 X 2) + 6456.3 ( 1 - 10E(-1/40)) 

Y = 2048 + 361 = 2409 = $0969 

Function 28: Receiver NEWS1 Masking Register 

Writing a 1 in the bit location corresponding to the desired 
bit will cause NEWS1 to go active when a status change 
occurs for the selected bit. Function 28 defaults to $0000. 
Figure 4 shows the applicable NEWS1 masking register 
bits. 

Function 32: Average Energy 



Function 32 provides the post-AGC power level. If the 
receive level is above the RLSD on-to-off threshold this 
value should be fairly constant and will be in the region of 
$079A (B and D code) or $0607 (after D code). This cor- 
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Figure 4. NEWS1 Status Bits 



4-156 



Application Note 



R1496DP, R9696DP, R144DP Programmer's Guide 



responds to a level of -0.5 dBm (B and D code) or-1 dBm 
(after D code). If the receive level is below the RLSD off- 
to-on threshold then this parameter indicates how far 
below the threshold the receive level is. 

Receive level = TON + 10 x log (N/1946) dBm 

where: TON is the RLSD off-to-on threshold In dBm. 

N is the decimal equivalent of the hex number 
which should be read from RAM. 

Function 33: AGO Gain Word 

Function 33 is useful for determining the receive level at 
the Receive Analog (RXA) input. The number in RAM is 
related to the receive level as follows: 

Receive level = 

(1 .5 X Y - 47) - 20 * logi o(1 - ((N - Y x 1 024)/6456.3)) dBm 
(B and D code) 

Receive level = 

(1.5xY-47.5)-20xlogio(1-((X-Yx 1024)76456.3)) dBm 
(after D code) 

where: Y = int (N/1 024) 

N is the decimal equivalent of the hex number 
which should be read from RAM. 

This formula is only valid if the receive level is above the 
RLSD off-to-on threshold. If the receive level is below the 
RLSD off-to-on threshold then the formula given under 
Average Energy (see function 32) must be used for cal- 
culating the receive level. 

If the receive level is only required to be known within 1 .5 
dB then just the first part of this expression (1 .5 x Y - 47) 
can be used. 

Function 43: Eye Quaiity l\/ionitor 

In V.32 4800 bps, V.29, V.27, V.22bis, V.22 and Bell 21 2A 
modes, EQM Is the filtered squared magnitude of the error 
vector. However, for all TOM modes (V.33 modes and 
V.32 9600 and 7200 bps modes), EQM is the filtered min- 
imum trellis path length (or metric). This gives a better In- 
dication of signal quality for trellis modes. 

The error vector formed by the decision logic can be used 
to Indicate relative signal quality. As signal quality 
deteriorates, the average error vector increases in mag- 
nitude. By calculating the magnitude of the error vector 
and filter the results, a number inversely proportional to 
signal quality is derived. This number is called the eye 
quality monitor (EQM). Because of the filter time constant, 
EQM should be allowed to stabilize for approximately 700 
baud times following RLSD going active. 



The EQM value for the non-trellis configurations is the fil- 
tered squared magnitude of the error vector and repre- 
sents the average signal power contained In the error 
component. The power is directly proportional to the prob- 
ability of errors occurring in the received data and can be 
used to implement a discrete Data Signal Quality Detector 
circuit (circuit 1 10 of CCITT Recommendation V.24 or cir- 
cuit CG of the RS-232-C standard) by comparing the EQM 
value against experimentally determined criteria (Bit Error 
Rate curves). Figure 6 illustrates the relationship of the 
EQM number to an eye pattern created by a four point sig- 
nal structure (e.g. V.29/4800 bps) in the presence of high 
level white noise. The EQM value is proportional to the 
square of the radius of the disk around any ideal point. The 
radius increases when signal to noise ratio (SNR) 
decreases. As the radius approaches the ideal point's 
boundary values, the bit error rate (BER) increases. Cur- 
ves of BER as a function of the SNR are used to establish 
a criteria for determining the acceptability of EQM values. 
Therefore, from an EQM value, the host processor can 
determine an approximate BER value. If the BER is found 
to be unacceptable, the host may cause the modem to 
fallback to a lower speed to improve BER. 

It should be noted that the meaning of EQM varies with the 
type of line disturbance present on the line and with the 
various configurations. A given magnitude of EQM in 
V.29/9600 does not represent the same BER as in 
V.27/4800. The former configuration has 1 6 points that are 
more closely spaced than the four signal points in the lat- 
ter, resulting in a greater probability of error for a given 
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level of noise or jitter. Also, the type of line disturbance has 
a significant bearing on the EQM value. For example, 
white noise produces an evenly distributed smearing of the 
eye pattern with about equal magnitude and phase error 
while phase jitter produces phase error with little error in 
magnitude. 

Since EQM is dependent upon the signal structure of the 
modulation being used and the type of line disturbance, 
EQM must therefore be determined empirically in each ap- 
plication. 

Function 44 and 45: Ring Detection Parameters 

The ring detector measures the period of pulses on the 
ring detect input and determines whether the pulses are 
within the frequency range specified by the Maximum and 
Minimum Period of Valid Ring Signal functions. Since 
maximum period corresponds to minimum frequency, the 
formula for calculating these functions is given in terms of 
frequency. 

Frequency F (in Hz) is calculated as follows: 

N = 9600/F 

where: N is the decimal equivalent of the hex 
number that should be written into RAM. 

Table 7 lists the Function 44 and 45 parameters. 
Table 7. Function 44 and 45 Parameters 



Function 


Parameter 


Default Value 


Hex. 


Dec. 


Units 


44 
45 


Maximum Period of Valid 
Ring Signal 

Minimum Period of Valid 
Ring Signal 


$0280 
$008D 


15 
68 


Hz 
Hz 



Function 46 Receiver NEWS2 A/lasl(ing Register 

Writing a 1 in the bit location con'esponding to the desired 
bit will cause NEWS2 to go active when a status change 
occurs for the selected bit. Function 46 defaults to $0000. 
Figure 5 shows the applicable NEWS2 masking register 
bits. 



HANDSHAKE TIMEOUT TIMERS 

The modem has time-outs on each successive state of the 
V.32 handshake. Unfortunately, the B code has one miss- 
ing which could cause a lock-up of the AA/AC sequence. 
It should be possible to clear this by turning off DTR and 
then setting both the NEWCO and NEWC1 bits. This has 
been corrected in D code. 

If the modem fails to detect any part of the handshake it 
will timeout and abort the handshake. The transmitter will 
immediately stop sending the training sequence. Also, 
Chip 1 when it times out loads an en^or code into the Inter- 
face memory that indicates that point in the handshake the 
time-out occurred. This code is put Into register 14. The 
code is not cleared even if the modem immediately goes 
into a new handshake after aborting. The user can observe 
this register during the handshake to determine if an abort 
occurred. 

It is a good idea for the user to successively observe the 
handshake detector bits (AADET, ACDET, CCDET, etc.). 
This will tell him how the handshake is progressing. The 
user can be interrupted then for each step of the hand- 
shake to be certain of its progression. 

The V.32 Handshake Error codes and their meanings are: 



Error Code 


Reason For Aborting (Time-out) 





No error 


1 


Failed to detect AC/CA transition 




(calling) 


2 


Failed to detect AA/CC transition 




(answering) 


3 


not used 


4 


Timed out waiting for power to come up 




at the start of the S sequence. 


5 


Failed to detect the S sequence 


6 


not used 


7 


Failed to detect the Rate Sequence 




(R1,R2.orR3) 


8 


Failed to detect S/S\ transition 


9 


Failed to detect E sequence 


A 


Power loss during TRN of Rate Sequence 
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V.22BIS/V.32 INTERWORKING 
Suggestions for a possible interworlting sclieme. 

Answer iModem 

1 . (a) Configure for V.22 bis. 

(b) Set up TONEA for 1800 Hz detection, 
-43 dBm threshold. 

1S00 Hz Tone Detection 

RAM Address RAM Data 



27 


0372 


28 


FEA6 


29 


0372 


2A 


C063 


2B 


30D6 


A7 


00C4 


A8 


FFDA 


A9 


00C4 


AA 


C063 


AB 


30D6 



Upon going off hook and initiating the handshake, 
monitor TONEA. Note that the billing delay has to be 
implemented by the user. The R1496DP/R9696DP 
will start to send answer tone as soon as DTR and 
DATAO are both valid. 

If a V.32 modem is calling, it should send an 1800 Hz 
carrier at least 1 second after detecting answer tone. 
If this is the case TONEA should be on. If 1 800 Hz is 
not detected by the end of the answer tone, then as- 
sume the calling modem is V.22 bis and set DATA1 
to a 1 and allow the handshake to proceed. If 1800 
Hz is detected, then immediately after the answer 
tone ends (answer tone is sent for 2.7 seconds), 
reconfigure to V.32, set NV25 to a 1 to ensure that 
the answer tone is not sent again, and start the V.32 
handshake. In this case, the user will have to imple- 
ment the 75 ms silence period following the answer 
tone. 

This scheme would have problems if the calling modem 
delays in sending 1800 Hz, for instance, if there is a 
manual calling modem. However, TONEA continues 



to operate during a V.22 bis handshake and TONEA 
is not set by a V.22 bis calling signal at any time so if 
1 800 Hz is detected after the start of the V.22 bis un- 
scrambled ones sequence, then it should stiil be pos- 
sible to reconfigure to V.32. 

Calling Modem 

1 . (a) Configure V.32. 

(b) Set up TONEA for 2250 Hz detection, 
-43 dBm threshold. 

2250 Hz Tone Detection 

RAM Address RAM Data 



27 


0119 


28 


FE72 


29 


0130 


2A 


C063 


2B 


0C82 


A7 


02D9 


A8 


FEE3 


A9 


02D9 


AA 


C063 


AB 


0C82 



2. Upon detecting answer tone using the ATV25 bit in- 
itiate a V.32 handshake in the normal manner ac- 
cording to V.32. After the answer tone ends and the 
answering modem handshake signal begins then 
monitor ACDET and TONEA for 215 ms (the time 
limit is necessary because TONEA can be falsely set 
when random data is sent by a V.32 answer modem, 
so it should only be tested up to the end of the first S 
segment in the answer handshake). If ACDET 
comes on during this time then a V.32 modem is 
answering. If TONEA comes on then a V.22 bis un- 
scrambled ones sequence has been detected, so 
reconfigure to V.22 bis and start the handshake. 

Coefficient Values for TONEA 

The default threshold detect values are correct for detec- 
tion of signals = -43 dBm using the above coefficients. 
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RETRAIN AND AUTOMATIC RATE CHANGE 

Both V.33 and V.32 define retrain and automatic rate 
change. This section explains how to perform the retrain 
and rate change. 

RETRAIN WITHOUT A RATE CHANGE 

V.33 Configurations 

When the RTRN bit Is set to a 1 and the automatic rate 
change bits are set to a 0, the modem will send the train- 
ing sequence. The modem for which the retrain is Intended 
will detect the training sequence and will retrain. This can 
be monitored at the transmitter by watching the state of 
GTS (GTS off means going through training sequence) 
and at the receiver by watching the RLSD, P2DET, and 
PNDET bits. Once the retrain Is completed, the process Is 
complete. The modem which was retrained does not 
respond with a retrain. It Is up to the user to set the retrain 
bit for this to occur. 

V.32 and V.22 bis Configurations 

When the RTRN bit Is set to a 1 , the modem will Initiate the 
retrain sequence. The modem which detects the retrain 
sequence will respond with training, and both modems will 
proceed with the proper training sequence. The retrain 
process can be monitored by observing the appropriate 
status bits in the transmitter and receiver. 

Retrain with a Rate Change (V.33, V.32, and V.22 Bis) 

To obtain a rate change (V.33 and V.32) along with a 
retrain the following procedure should be followed. The 
rate change only occurs with GGITT V.33 and V.32 defined 
configurations and not with the proprietary configurations. 

Steps 1 and 2 are do not apply to V.22bls 

1 . Set the automatic rate change bits to a 1 (ARGO, 
ARG1). 

2. Store the desired configuration in the TGONF and 
RGONF registers 

NOTE: Do not set the NEWG bits. 



3. Set the RTRN bit to a 1. 

The modem will then send the retrain sequence at the cor- 
rect operating speed as selected in the configuration 
registers. The rate sequence Is automatically changed in 
the training sequence to tell the other modem what speed 
to operate at. When the modem detects the retrain, It will 
retrain and then it will respond with retrain. This will then 
retrain the modem which Initiated the retrain procedure. 
The status bits will change as mentioned above and the 
retrain bit will be reset to a when the retrain sequence is 
completed. 

READING DEVICE INFORMATION FROM 
THE INTERFACE MEMORY 

Each DSP provides, at a specific time, the ROM check- 
sum, device number, and revision number. This informa- 
tion is available (when bit N:1E:3 is a 1) for a maximum of 
5 ms after the low-to-high edge of power-on-reset. The in- 
formation is located in the following registers. Register 
N:1 0:0-7 should be the last register read to obtain the cor- 
rect information. 

Register Information 

N:1 5:0-7 ROM Checksum MSB 

N:14:0-7 ROM Checksum LSB 

N: 1 3:0-7 Device Number MSB 

N:12:0-7 Device Number LSB 

N:1 1 :0-7 Revision Number MSB 

N:1 0:0-7 Revision Number LSB 

where: N = 0, 1 , or 2 

The Information is formatted In ASCII. 

The ROM checksum will remain a constant from device to 
device and from revision to revision. Its value Is 41 2B. 

An example of a typical device number is 3036. This rep- 
resents a device number of 06. 

An example of a typical revision number is 2042. This rep- 
resents a revision of B (space B or B Code). 
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INTRODUCTION 

The "AT" command set is a popular method to control a 
modem which has an asynchronous interface. The inter- 
face can be serial or over a microprocessor bus through 
an 8250/1 6450-type UART. This application note identifies 
the "AT" commands used in the Hayes Smartmodem 
2400, 1200 (the original 1200), and the Hayes V-series 
Smartmodem 9600, and compares these commands to 
the capabilities of the Rockwell R9696DP V.32A/.22 bis 
Full-Duplex Modem. 

Consult the R9696DP Data Sheet (Order No. MD30) and 
the R1496DP, R9696DP, and R144DP Programmer's 
Guide Application Note (Order No. 831) for detailed 
modem information. 

AT COMMAND SET SUMMARY 

Table 1 summarizes the AT commands. If the Micro and/or 
R9696 column contains a or an M, respectively, the 
command is implemented by the microprocessor (Control- 
ler) and/or R9696 (Modem). If an S is in a Smartmodem 
column, then that particular modem has the command im- 
plemented. If the command modifiers for a particular com- 
mand are not listed, then all of the modifiers associated 
with that command are implemented for the various 
modems. 

S REGISTER SUMMARY 

Table 2 summarizes the S registers. If the Micro and/or 
R9696 column contains a C or an M, respectively, the S 
register is implemented by the microprocessor (Controller) 
and/or R9696 (Modem). If an S is in a Smartmodem 
column, then that particular modem has the S register im- 
plemented. 



AT COMMAND SET DETAIL 

Table 3 describes the AT commands. The following fields 
are used to describe each of the commands and how they 
should be implemented: 

Command: Identifies and names the AT 

command. 
Modifier: Identifies and describes the command 

modifiers. 
Function: Is the command a microprocessor or 

modem (R9696DP) function? 
R9696DP?: If the AT command is a modem func- 
tion, can the R9696DP perform the 
command? 
Details: Describes the implementation details. 
S REGISTERS DETAIL 

The S registers provide special access to the system con- 
figurations. The registers offer flexibility in the system to 
tailor it to the user's system. 

Table 4 describes the S registers. The following fields are 
used to describe each of the S registers and how they 
should be implemented: 

Register: Identifies and names the S register. 
Range: Provides the operational range of the 

function. 
Default: Provides the default range of the S 

Register 
Function: Is the command a microprocessor or 

modem function? 
R9696DP?: If the S register is a modem function, 

can the R9696DP perform It? 
Details: Describes the implementation details. 




Document No. 29800N833 



Application Note 

4-161 



Order No. 833 
October 1988 



Application Note 



R9696DP "AT" Command Capabilities 



Table 1. AT Command Summary 



Table 2. S Registers Summary 
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implemented by 


Smartmodem | 


Micro 




1200 


2400 


9600 


AT 


C 




S 


S 


s 


N 


C 




S 


S 


s 


A 




M 


S 


S 


s 


B 




M 


S 


s 


s 


CO 




M 


S 






C1 




M 


S 




s 


D 


C 


M 


S 


s 


s 


E 


C 




S 


s 


s 


FO 


C 




S 






F1 


C 




S 




s 


H 




M 


S 


s 


s 


1 


C 




S 


s 


s 


L 


C 




S 


s 


s 


M 







S 


s 


s 


N 


C 


M 






s 








M 


S 


s 


s 


QO 


C 




S 


s 


s 


Q1 







S 


s 


s 


Q2 











s 


Sr=n 





M 


S 


s 


s 


Sr? 


C 


M 


S 


s 


s 


V 


C 




S 


s 


s 


W 


C 








s 


X 


C 


M 


s 


s 


s 


Y 


C 


M 


s 


s 


s 


Z 





M 


s 


s 


s 


zo 





M 






s 


Z1 





M 






s 


&c 


C 


M 




s 


s 


&D 





M 




s 


s 


&F 


c 






s 


s 


&G 




M 




s 


s 


&J 


c 






s 


s 


&K 











s 


&L 




M 




s 


s 


&M 





M 




s 


s 


&P 




M 




s 


s 


&Q 


c 


M 






s 


&R 


c 


M 




s 


s 


&S 


c 


M 




s 


s 


&T 





M 




s 


s 


&V 


c 








s 


&W 


c 






s 


s 


&W0 











s 


&W1 


c 








s 


&X 




M 




s 


s 


&Y 


c 








s 


&Zn 


c 






s 




&Zn=x 


c 








s 


+++ 







s 


s 


s 



S Register 


Implemented by 


Smartmodem 


Micro 


R9696 


1200 


2400 


9600 


SO 





M 


S 


S 


s 


S1 





M 


S 


S 


s 


S2 


C 




S 


S 


s 


S3 


C 




S 


S 


s 


S4 







S 


S 


s 


S5 







S 


S 


s 


S6 







S 


S 


s 


S7 





M 


S 


S 


s 


S8 







S 


S 


s 


S9 





M 


S 


S 


s 


S10 





M 


S 


s 


s 


S11 




M 


S 


s 


s 


S12 


C 




S 


s 


s 


S13 






S 


s 


s 


S14 






S 


s 


s 


S15 






S 


s 


s 


S16 






S 


s 


s 


S17 








s 


s 


S18 









s 


s 


S19 








s 


s 


S20 








s 


s 


S21 








s 


s 


S22 








s 


s 


S23 








s 


s 


S24 








s 


s 


S25 









s 


s 


S26 





M 




s 


s 


S27 








s 


s 


S28 










s 


S29 










s 


S30 










s 


S31 










s 


S32 










s 


S33 










s 


S34 










s 


S35 










s 


S36 











s 


S37 





M 






s 


S38 





M 






s 



4-162 



Application Note 



R9696DP "AT" Command Capabilities 



Table 3. AT Commands 



Command: 

Modifier: 

Function: 

R9696DP?: 

Details: 



AT 



Various commands 

Microprocessor 

N/A 

Signals the beginning of a command flow. Used for auto speed and character 

format determination. 



Command: A/ Repeat Last Command Line 

Modifier: none 

Function: Microprocessor 

R9696DP?: N/A 

Details: Repeats the last command. 



Command: 
Modifier- 
Function: 
R9696DP?: 
Details: 



Answer Immediately 

none 

Modem 

Yes 

The relay driver of the modem is controlled using the RA bit. When DTR and RA 

are set to a 1 and ORG is reset to a the modem will answer immediately. 



Command: 
Modifier: 

Function: 

R9696DP? 

Details: 



BO CCITT configuration 

B1 Bell configuration 

Modem 

Yes 

The following are the configurations in the R9696DP: 



CCITT 

V.32 
V.22 bis 
V.22 
V.23 
V.21 



Bell 

Bell 21 2A 
Bell 103 



Command: 
Modifier: 

Function: 

R9696DP?: 

Details: 



Transmitter Carrier Signal 

CO Transmit carrier off 

CI Transmit carrier on 

Modem 

Yes 

If the modem is in V.22, leased-line, controlled carrier, then RTS controls 

carrier turn-on and turn-off. Othen^/ise, the transmitter is off when the TXSQ bit is 

a 1 , or the transmitter is on when TXSQ is a 0. 



4-163 



Application Note 



R9696DP "AT" Command Capabilities 



Table 3. AT Commands (Cont'd) 



Command: D 


Dial 


Modifier: 


0,1 ,2,3,4, 5,6,7,8, 9,.* A,B, C,D Dial Digits 




T Tone dial 




P Pulse dial 




R Reverse dial 




S Dial stored number 




W Wait for dial tone 




@ Quiet answer 




Pause 




! Flash 




; Return to command state 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The modem can dial 0-9, #, and * 




When the DTMF bit is a 1 , the modem dials with DTMF tones; when DTMF is a 0, 




the mode dials with pulses. Reverse dial Is accomplished by resetting the ORG 




bit to a so the modem answers after it dials. Dial a stored number is a 




microprocessor function. Tone detect filter A can be used to detect dial tone and 




for waiting for 5 seconds of quiet. Pause Is implemented by the microprocessor. 




Flash can be performed by resetting, delaying, and then setting the RA bit. 




Return to command state is a microprocessor function. 


Command: E 


Character Echo 


Modifier: 


EO Disables command state character echo 




E1 Enables command state character echo 


Function: 


Microprocessor 


R9696DP?: 


N/A 


Details: 


This option determines if the terminal is to echo or If the modem does the 




echoing. 


Command: F 


Duplex 


Modifier: 


FO Full-duplex 




F1 Half-duplex 


Function: 


Microprocessor 


R9696DP?: 


N/A 


Details: 


This function provides for the echoing or not echoing of commands 




depending on the terminal configuration. 


Command: H 


Hang-up 


Modifier: 


HO Hangs the modem up (puts the modem on-hook) 




H1 Places the modem off-hook 


Function: 


Modem 


R9696DP?: 


Yes 


Details: 


Disconnecting/connecting the modem from the line can be accomplished using 




the RA bit. 
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Command: 1 


Testing Internal Memory 


Modifier: 


10 Product Code 




11 Firmware Checksum 




12 Firmware Checksum compared to a stored number; a result code of OK or 




ERROR is returned. 


Function: 


Microprocessor 


R9696DP?: 


N/A 


Details: 


This function determines if the system ROM is functional. 


Command: L 


Speaker Volume 


Modifier: 


LO Low volume 




L1 Low volume 




L2 Medium volume 




L3 High volume 


Function: 


Microprocessor 


R9696DP?: 


N/A 


Details: 


The microprocessor controls the volume of the line monitor speaker. 


Command: M 


Speaker Control 


Modifier: 


MO Always off 




M1 On until carrier detected 




M2 On continuously 




M3 On after dialing until carrier detected 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The microprocessor controls the squelching and the unsquelching of the speaker. 




The RLSD bit in the modem can be used to detect carrier. 


Command: N 


Modulation Handshake 


Modifier: 


NO Speed of the connection is determined by 337. If 837 = 0, then the speed must 




match the speed of the last AT command. 




N1 Speed is determined by the DOE speed supported by both modems. 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The microprocessor performs the speed detection from the AT command. 




The modem can be set to many configurations by setting the TCONF and 




RCONF bits appropriately. 


Command: 


On-line 


Modifier: 


00 Returns modem from command state to on-line state. 




01 Returns modem from command state to on-line state and initiates a modem 




retrain (2400 bps and higher). 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The microprocessor handles switching from command state to on-line state. 




Setting the RTRN bit in the modem to a 1 causes a retrain to be initiated. 
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Command: 
Modifier: 



Function: 

R9696DP?: 

Details: 



Result Code Display 

QO Results codes 

Q1 No result codes 

Q2 Result codes in originate mode only 

Microprocessor 

N/A 

This command determines if results codes are sent to the terminal. 



Command: Sr=n Change an S Register Value 

Modifier: r = S register number, 

n = S register value 
Function: Microprocessor and modem 

R9696DP?: Yes 

Details: Some of the S registers deal with microprocessor functions and some with 

modem functions. See Table 4 for the S register functions. 



Command: Sr? Reading an S Register Value 

Modifier: r = S register number 

Function: Microprocessor and modem 

R9696DP?: Yes 

Details: Some of the S registers deal with microprocessor functions and some with modem 

functions. See Table 4 for the S register functions. 



Command: 
Modifier: 

Function: 

R9696DP?: 

Details: 



Result Code Form 

VO Result codes displayed in numeric form 

V1 Result codes displayed in English form 

Microprocessor 

N/A 

V1 is usually selected if the modem is to be used with a terminal; VO is usually used 

if the modem is used with a software package on a computer. 



Command: W Negotiating Progress Reporting 

Modifier: WO Error-control call progress not reported 

W1 Error-control call progress reported 
Function: Microprocessor 

R9696DP?: N/A 

Details: If selected the microprocessor returns the protocol used. 
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Command: 
Modifier: 



Function: 

R9696DP?: 

Details: 



X1 
X2 
X3 
X4 



Result Codes and Dialing Capability 

XO Codes 0-4 enabled, blind dialing 

Codes 0-5,10-12,14 enabled, blind dialing 

Codes 0-6,10-12,14 enabled, dial tone detected 

Codes 0-5,7,10-12,14 enabled, busy tone detected 

Codes 0-7,10-12,14 enabled, dial and busy tone detected 
Microprocessor and modem 
Yes 

The microprocessor sends the result codes. The modem can detect the call 
progress tones by using TONEA. The protocol is performed by the microproces- 
sor. 19200 bps is possible if compression is used by the microprocessor. 
Result code definitions: 



Numeric 


Verbose 


Description 





OK 


Command executed 


1 


CONNECT 


Connection at 0-300 bps 


2 


RING 


Ring detected 


3 


NO CARRIER 


Carrier not detected or lost 


4 


ERROR 


Invalid command etc. 


5 


CONNECT 1200 


Connection at 1200 bps 


6 


NO DIALTONE 


No dial tone detected 


7 


BUSY 


Busy signal detected 


8 


NO ANSWER 


No answer at remote modem 


10 


CONNECT 2400 


Connection at 2400 bps 


11 


CONNECT 4800 


Connection at 4800 bps 


12 


CONNECT 9600 


Connection at 9600 bps 


14 


CONNECT 19200 


Connection at 19200 bps 


40 


CARRIER 300 


Carrier detected at 300 bps 


46 


CARRIER 1200 


Carrier detected at 1200 bps 


47 


CARRIER 2400 


Carrier detected at 2400 bps 


48 


CARRIER 4800 


Carrier detected at 4800 bps 


50 


CARRIER 9600 


Carrier detected at 9600 bps 


70 


PROTOCOL-NONE 


Asynchronous mode 


71 


PROTOCOLERROR- 






CONTROULAP-B 


Error-control with LAP-B 


72 


PROTOCOL:ERROR-BUSY 


Busy signal detected 




CONTROULAP-B/HDX 


Error-control with LAP-B HDX 



73 



PROTOCOLiERROR-CONTROUAFT Error-control with AFT 



Command: 
Modifier: 

Function: 

R9696DP?: 

Details: 



Long Space Disconnect 

YO No recognition or respond to a long space disconnect 

Y1 Recognize and respond to a long space disconnect 

Microprocessor and modem 

No long space disconnect function but can implement 

The transmission of a long space disconnect sequence can be accomplished by sending 

a long break sequence or by reconfiguring the modem to synchronous mode and 

send spaces. If the microprocessor detects the long space sequence, it should 

clamp the RXD signal to the terminal to a space and then disconnect the modem 

from the line. 
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Command: Z 


Recalling a Stored User Profile 


Modifier: 


ZO Resets the modem and recalls user profile 




Z1 Resets the modem and recalls user profile 1 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The microprocessor must drive the POR input low then high to reset the modem, and 




then get the profile and reconfigure the system. 


Command: &C 


Carrier Detect Option 


Modifier: 


&C0 Carrier detect to the terminal is always active 




&C1 Carrier detect of the modem is provided to the terminal 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The two methods are possible for implementing this function. The microprocessor can 




drive the DCD pin of the RS-232 connector directly so that it can clamp the line 




active if that option is selected. The microprocessor, however, will have to 




monitor the RLSD bit in the modem and drive the RS-232 line appropriately when 




the bit goes active and inactive. Another method is to gate the RLSD hardware 




signal with a microprocessor output. The microprocessor output can drive the 




input of the gate to one polarity to cause DCD to always be active and it can 




drive the output the other direction to allow DCD to follow the modem's RLSD out- 
put. 


Command: &D 


Data Terminal Ready Option 


Modifier: 


&D0 DTR from the terminal is ignored 




&D1 DTR going on-to-off causes modem to enter command state 




&D2 DTR going on-to-off causes modem to enter command state, hang-up, and disable 




auto answer 




&D3 DTR going on-to-off causes modem to enter command state and reset the modem 


Function: 


Microprocessor and modem 


R9696DP?: 


Yes 


Details: 


The microprocessor controls the entering and exiting of the command state as well as 




implementing the auto answer routine. The microprocessor must control the DTR 




input of the modem (this can be the bit or the pin) since DTR is the mechanism 




by which the modem is told to start or terminate a handshal<e. A modem reset is 




performed by toggling the POR input. 


Command: &F 


Retrieving The Factory Configuration 


Modifier: 


none 


Function: 


Microprocessor 


R9696DP?: 


N/A 


Details: 


This command recalls the factory configuration stored in ROM and completely replaces 




the current configuration. 
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Command: 


&G 


Guard Tone Selection 


Modifier: 




&G0 No guard tones 
&G1 550 Hz guard tone 
&G2 1800 Hz guard tone 


Function: 




Modem 


R9696DP?: 




Yes 


Details: 




The modem bit GTE, when set to a 1 , enables guard tones. When GTS is a 1 , 550 Hz 
guard tone is selected; when GTS is a 0, 1800 Hz guard tone is selected. 


Command: 


&J 


Telephone Jack Selection 


Modifier: 




&J0 RJ1 1 , RJ41 S, or RJ45S type 
&J1 RJ12orRJ13type 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




Option &J0 is for typical use. Option &J1 is for key telephone systems. 


Command: 


&K 


DTE Flow Control 


Modifier: 




&K0 Local flow control disabled 

&K1 Reserved 

&K2 Reserved 

&K3 RTS/CTS local flow control 

&K4 XON/XOFF flow control 

&K5 Transparent XON/XOFF flow control 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




This option Is used for error control. 


Command: 


&L 


Line Type 


Modifier: 




&L0 Dial-up line 
&L1 Leased line 


Function: 




Modem 


R9696DP?: 




Yes 


Details: 




The R9696DP provides a leased-llne controlled carrier operation for the V.22 and 
V.22 bis configurations. Setting the LLn, and CCn bits to a 1 will accomplish this. 
RTS will then control the state of the carrier whether it is on of off. All the other 
configurations operate the same whether the modem is in a leased line or dial-up 
line environment. 


Command: 


&M 


Communications i^lode 


Modifier: 




&M0 Asynchronous mode 

&M1 Asynchronous command mode, synchronous data mode 

&M2 Synchronous mode, dial a stored number 

&M3 Synchronous mode, manual dial with talk/data switch 


Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




Synchronous modem is selected by resetting the ASYNn bits to a 0. Setting the ASYNn 
bits to a 1 configures the modem for asynchronous mode. WDSZn, STBn, 
PENn, and EXOSn configure the modem for the correct word size, stop bit num- 
ber, number of parity bits used, and extended overspeed, respectively. 
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Command: 
Modifier: 

Function: 

R9696DP?: 

Details: 



&P 



Pulse Dial Parameters 

&P0 39%/61 % make/break ratio 

&P1 33%/67% make/break ratio 

Modem 

Yes 

Tiie R9696DP defaults to 36%/64% make/break time. The make and break times for the 

autodiaier can be changed via the RAM write facility of the modem. 

RAM Data = Time (sec) * 9600 



Function 


RAM Address 


CRO bit 


Time 


Data 


Make time 


$9C 


1 


33% 


$01 3D 


Make time 


$9C 


1 


39% 


$0176 


Break time 


$1C 


1 


61% 


$024A 


Break time 


$10 


1 


67% 


$0283 



The pulse dialer in the D code version of the R9696DP does not function. The 
microprocessor, in this case, will have to pulse the off-hook relay directly using 
the RA bit. 



Command: &Q Communications Mode and Error Control 

Modifier: &Q0 Asynchronous mode 

&Q1 Asynchronous command mode, synchronous data mode 

&Q2 Synchronous mode, dial a stored number 

&Q3 Synchronous mode, manual dial with talk/data switch 

&Q4 AutoSync 

&Q5 Error Control 

Function: Microprocessor and modem 

R9696DP?: Yes 

Details: Synchronous modem is selected by resetting the ASYNn bits to a 0. Setting the 

ASYNn bits to a 1 configures the modem for asynchronous mode. WDSZn, 
STBn, PENn, and EXOSn configure the modem for the correct word size, stop bit 
number, number of parity bits used, and extended overspeed respectively. 



Command: &R RTS/CTS Option 

Modifier: &R0 Command state-RTS ignored. On-line OTS follows RTS 

&R1 RTS is ignored and OTS is alway active 

Function: Microprocessor and modem 

R9696DP?: Yes 

Details: The two methods are possible for implementing this function. The microprocessor can 

drive the OTS pin of the RS-232 connector directly so that it can clamp the line 
active if that option is selected. The microprocessor, however, will have to 
monitor the OTS bit in the modem and drive the RS-232 line a pprop riately when 
the bit goes active and inactive. Another method is to gate the OTS hardware sig- 
nal with a microprocessor output. The microprocessor output can drive the input 
of the gate to one polarity to cause OTS to always be active and it can drive the 
output the other direction to allow OTS to follow the modem's OTS output. 
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Command: &S DSR Options 

Modifier: &S0 DSR always active 

$S1 DSR operates according to the appropriate specification 

Function: Microprocessor and modem 

R9696DP?: Yes 

Details: The two methods are possible for implementing this function. The microprocessor can 

drive the DSR pin of the RS-232 connector directly so that It can clamp the line 
active if that option is selected. The microprocessor, however, will have to 
monitor the DSR bit in the modem and drive the RS-232 line a pprop riately when 
the bit goes active and inactive. Another method is to gate the DSR hardware sig- 
nal with a microprocessor output. The microprocessor output can drive the input 
of the gate to one polarity to cause DSR to always be active and it can drive the 
output the other direction to allow DSR to follow the modem's DSR output. 



Command: &T Tests 

Modifier: &T0 Terminate a test in progress 

&T1 Local analog loopback 
&T3 Local digital loopback 

. &T4 Grant remote digital loopback request from remote modem 
&T5 Deny remote digital loopback request from remote modem 
&T6 Remote digital loopback 
&T7 Remote digital loopback with self test 
&T8 Local analog loopback with self test 
Function: Microprocessor and modem 

R9696DP?: Yes 

Details: The R9696DP does not generate and test a self test pattern. This function must be 

performed in the microprocessor. Local digital loopback must also be performed 
by the microprocessor. The tests are established and terminated using the fol- 
lowing bits. 

Bit Function 

L2ACT Locally activated remote digital loopback 

L3ACT Local analog loopback 

RDL Remote digital loopback 

RDLE Remote digital loopback enable 

V.22, V.22 bis, and Bell 21 2A are the only configurations which support the RDL bit. To 
obtain a remotely activated digital loopback for the remaining configuration, a sig- 
nalling scheme must be developed between the modems. In this case, the 
L2ACT bit would be used. 



Command: &V View Active Configuration and User Profiles 

Modifier: none 

Function: Microprocessor 

R9696DP?: N/A 

Details: The microprocessor must display the active configuration, user profiles and 1 , and 

stored telephone numbers. 
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Command: &W Write a Profile to Memory 

Modifier: &W0 Write the storable parameters of the active configuration to profile 

&W1 Write the storable parameters of the active configuration to profile 1 
Function: Microprocessor 

R9696DP?: N/A 

Details: Saves the active configuration of the system. 



Command: 
Modifier: 



Function: 

R9696DP?: 

Details: 



&X Transmit Clock Source 

&X0 Modem generates the transmit clock 
&X1 Terminal generates the transmit clock 
&X2 Modem uses the receive clock as the transmit clock 
Modem 
Yes 

The TXCLK bits in the R9696DP can be used for this command. 
TXCLK Function 

Modem generates the transmit clock 

2 Terminal provides the transmit clock 

3 Modem uses the receive clock as the transmit clock 



Command: &Y Designating The Default User Profile 

Modifier: &Y0 Profile Is designated as the default profile 

&Y1 Profile 1 is designated as the default profile 
Function: Microprocessor 

R9696DP?: N/A 

Details: The microprocessor must use the selected profile on power-up. 



Command: &Zn=x Store Telephone Number 

Modifier: n = number location (0-3) 

X = telephone number 
Function: Microprocessor 

R9696DP?: N/A 

Details: This command allows the storage of up to four telephone numbers. 



Command: 

Modifier: 

Function: 

R9696DP?: 

Details: 



Escape Code 

none 

Microprocessor 

N/A 

Used to exit from on-line mode to command mode. 



Command: <CR> Carrage Return 

Modifier: none 

Function: Microprocessor 

R9696DP?: N/A 

Details: Used to terminate a command line 
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Register: 


SO 


Rings to Answer On 


Range: 




- 255 rings 


Default: 







Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




The R9696DP has a ring detector which can be monitored by the microprocessor. 
When the desired amount of rings are detected, the microprocessor can place 
the modem off-hook by setting the RA bit in the modem. When SO is 0, auto 
answer is disabled. 


Register: 


SI 


Ring Count 


Range: 




- 255 rings 


Default: 







Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




The R9696DP has a ring detector which can be monitored by the microprocessor. 
When the rings are detected, the microprocessor can Increment the 81 location. 


Register: 


S2 


Escape Sequence Character 


Range: 




0-127 ASCII 


Default: 




43 (+) 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




Used to exit from on-line mode to command mode. A value greater than 127 disables 
the escape sequence preventing the modem from returning to the command 
state. 


Register: 


S3 


Carriage Return Character 


Range: 




0-127 ASCII 


Default: 




13 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




Used to terminate a command line. 


Register: 


S4 


Line Feed Character 


Range: 




0-127 ASCII 


Default: 




10 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




Used to terminate a command line. 


Register: 


S5 


Bacltspace Character 


Range: 




0-32, 127 ASCII 


Default: 




8 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




Used to delete characters in the command line. 
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Register: 


S6 


Walt Time Before Blind Dialing 


Range: 




2 - 255 seconds 


Default: 




2 seconds 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




After the off-hook relay is closed, a delay specified by S6 should be perfonned before 
dialing the first digit. This delay is to ensure that dial tone Is present on the line 
before dialing the first digit. 


Register: 


S7 


Walt Time for Carrier/Dial Tone 


Range: 




1 - 255 seconds 


Default: 




30 seconds 


Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




S7 determines the wait time between dialing and responding to an incoming carrier 

signal. S7 also is used for the W dial modifier as the time the dialer will wait for 

the detection of dial tone. 

RLSD can be used for carrier detection and TONEA is preprogrammed for the bandwidth 

which contains the dial tone frequencies. 


Register: 


S8 


Duration of Comma Dial Modifier 


Range: 




- 255 seconds 


Default: 




2 seconds 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




This is the delay time used for the comma dial modifier. 


Register: 


S9 


Carrier Detect Response Time 


Range: 




1 -255 1/10 seconds 


Default: 




6 seconds 


Function: 




Microprocessor and modem 


R9696DP?: 




No 


Details: 




S9 determines how many seconds a carrier must be present before the modem will 
recognize it as a carrier. The user can monitor FED and RLSD and can make a 
determination whether or not the DCD signal should be activated or not. The 
RLSD response time can not be changed in the R9696DP. 


Register: 


S10 


Delay Between Carrier Loss and Hang-up 


Range: 




1 -255 1/10 seconds 


Default: 




1.4 seconds 


Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




S10 specifies the delay between the loss of the remote carrier and the local modem 
disconnecting from the line. This can be done by monitoring RLSD. When RLSD 
goes inactive, delay the amount of time specified in S10 and check RLSD again. 
If RLSD is still inactive, write a into RA to open the off-hook relay. Setting S10 
to 255 causes the modem to ignore the actual carrier status and assume the car- 
rier is always present. 
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Register: 


S11 


DTMF Tone Duration and Interdigit Delay 


Range: 




50 - 255 milliseconds 


Default: 




95 milliseconds 


Function: 




Modem 


R9696DP?: 




Yes 


Details: 




The DTMF tone duration and interdigit delay can be programmed via the RAM write 

facility in the R9696DP. The default duration is 95 ms and the default interdigit 

delay is 70 ms. 

RAM Data = Duration (sec) * 9600 

Function RAM Address CRObit Duration Data 
DTMF Duration $9A 1 95 ms $0390 
Interdigit Delay $1A 1 95 ms $0390 


Register: 


S12 


Escape Sequence Guard Time 


Range: 




- 255 1/50 seconds 


Default: 




1 second 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




S12 holds the delay required prior to and following the escape sequence. 


Register: 


S13-S17 




Range: 




none 


Default: 




N/A 


Function: 




N/A 


R9696DP?: 




N/A 


Details: 




Reserved 


Register: 


S18 


l\/lodem Test Timer 


Range: 




- 255 seconds 


Default: 







Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




This register establishes the length of the modem tests. 


Register: 


S19 - S24 




Range: 




none 


Default: 




N/A 


Function: 




N/A 


R9696DP?: 




N/A 


Details: 




Reserved 
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Register: S25 DTR Detection 

Range: - 255 1/1 00 seconds 

Default: 5 seconds 

Function: Microprocessor 

R9696DP?: N/A 

Details: In synchronous mode 1 and 4, the time specified by this register is the amount of time 

DTR from the terminal is ignored after a connection is established. During this 
time the units are seconds, not 1/100 seconds. This allows the user to discon- 
nect an asynchronous terminal and connect a synchronous terminal to the 
modem. Once the connection is made (this applies to the other modes as well) 
the units are 1/100. Any change of DTR which is shorter than the time specified 
by S25 is ignored. 



Register: S26 RTS to CTS interval 

Range: - 255 1/1 00 seconds 

Default: .01 seconds 

Function: Microprocessor and modem 

R9696DP?: Yes 

Details: S26 is used to specify the RTS active to CTS active delay. This value takes effect when 

the &R0 command has been executed. This applies to synchronous mode 1 , 2, 

and 3 only. 

The RTS to CTS delay can be programmed via the RAM write facility of the R9696DP. 
Function RAIVI Address CRO Bit 
RTS/CTS delay $10 1 



Response Time Equations 








Configuration 




Equation 




V.32 




N=(time*2.4)ms-1 




V.22 bis, V.22, Bell 212/^ 


I 


N=(time*0.6)ms-1 




V.23, Bell 103 




N=time*9.6 ms 




V.21 




N=time*7.68 




Response Time Values 








Configuration 


Default 


Value Min. 


Value 




(Dec.) 


(Hex.) (Dec.) 


(Hex.) 


V.32 


0.4 ms 


$0000 0.4 ms 


$0000 


V.22bis,V.22, Bell212A 


1.6 ms 


$0000 1.6 ms 


$0000 


V.23, Bell 103 


210 ms 


$07E0 ms 


$0000 


V.21 


500 ms 


$0F00 ms 


$0000 



To obtain the minimum time specified by S26, the RTS to CTS delay seen at the 
RS-232 connector must be controlled by the microprocessor Instead of the 
R9696DP for those configurations which do not have a minimum RTS to CTS 
response time of ms. 
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Register: 


S27 - S35 




Range: 




none 


Default: 




N/A 


Function: 




N/A 


R9696DP?: 




N/A 


Details: 




Reserved 


Register: 


S36 


Negotiation Failure Treatment 


Range: 




0,1 


Default: 




1 


Function: 




Microprocessor 


R9696DP?: 




N/A 


Details: 




This register tells the modem how to respond if an error correction connection faiis. 


Register: 


S37 


DCE Line Speed 


Range: 




0-9 


Default: 







Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




The modem attempts to connect with a remote modem at the highest supported 
DCE data rate that does not exceed the value specified by 837. 

= Connect at speed of last AT command 

1-3 = Connect at 300 bps 

4 = Reserved 

5 = Connect at 1200 bps 

6 = Connect at 2400 bps 

7 = Connect at 4800 bps 

8 = Reserved 

9 = Connect at 9600 bps 

The R9696DP can automatically fallback and fall forward in V.32. The modem 
also can fallback and fall fonA/ard from V.22bis to V.??. Any other interworking 
must be performed manually by the microprocessor detecting what the remote 
modem is. This can be done by programming the tone detectors to recognize 
the beginning of various handshakes. After a handshake is recognized the 
microprocessor can reconfigure the modem. 


Register: 


S38 


Delay Before Forced Hang-up 


Range: 




- 255 seconds 


Default: 




20 seconds 


Function: 




Microprocessor and modem 


R9696DP?: 




Yes 


Details: 




838 specifies the delay between a command to hang-up (or the on-to-off transistion 
of DTR if programmed) and the actual disconnection of the line. This is useful in 
the error correction configuration to ensure that ail the data in the transmit buffer 
is transmitted. 

If the value in 838 is 255, the modem does not timeout and will continue to transmit 
until the connection is lost. 
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R96FI/R96MD Modem 
Tone Detector Filter Tuning 



INTRODUCTION 

The Rockwell R96FI and R96MD modems include three 
independent tone detectors (FR1, FR2 and FR3). These 
tone detectors are operational when the modem is con- 
figured for V.21 FSK, and are centered upon power-up to 
2100 Hz (FR1), 1100 Hz (FR2), and 462 Hz (FR3). This 
application note presents a method of tuning these detec- 
tors to any desired frequency in the 400 Hz - 3 kHz band. 

COMPUTATION OF TONE DETECTOR 
COEFFICIENTS 

Each tone detector consists of two second-order filters in 
cascade, an energy averaging filter, and a threshold com- 
parator. A diagram of the tone detector is shown in 
Figure 1 . 

Filter 1 has a transfer function: 

2a 



The energy averaging filter has a transfer function: 



2a" 



H3(Z): 



(Eq. 3) 



Hi(Z) = 



1-2piZ"'-2|32Z"' 



Filter 2 has a transfer function: 
2a' 



H2(Z) = 



1-2p'iZ"^-2p'2Z"^ 



(Eq. 1) 



(Eq.2) 



1 - p"Z~' 

The output of the energy averager is fed to a threshold 
comparator which sets, or resets, the appropriate bit (FR1 , 
FR2 and FR3) in the signal processor (SP) scratchpad 
memory if the energy output is equal to or greater than 1/8, 
or less than 1/8, respectively. 

Filters 1 and 2 have a typical frequency response as 
shown in Figure 2. When cascaded, they form a bandpass 
filter with a narrow bandwidth as shown in Figure 3. 

Given the transfer functions Hi (Z) and H2(Z), an analytical 
method Is required to compute their coefficients for any 
desired frequency in the 400 Hz - 3 kHz band. First, con- 
sider Hi (Z). This transfer function can be rewritten as: 

2aZ2 

Hi (Z) = -^ (Eq. 4) 

^ ^ Z2-2P1Z-2P2 

which has a conjugate pair of poles: 



Pi =Pi+jV(pi^ + 2p2) 
P2 = Pi-iV(Pi^ + 2p2) 




INPUT 




a"(7) 



I 1 I T^"(8) 



I L^S*- 



-♦-OUTPUT 

TO THRESHOLD 
COMPARATOR 

FRn = 1 IF OUTPUT > 1/8 
FRn = IF OUTPUT < 1/8 



1ST BI-QUAD FILTER 



2ND BI-QUAD FILTER 



ENERGY AVERAGING 



NOTE: NUMBERS IN ( ) REFER TO NODE NUMBERS IN TABLE 2. 



Figure 1. Tone Detector Diagram 
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These poles lie on a circle of radius 0.994030884 on the 
Z-plane. The radius of the tone detector circle was chosen 
so that each filter has a high Q without being unstable (i.e., 
poles must lie inside the unit circle for stability). Figure 4 
shows a Z-plane pole-zero diagram for an arbitrary con- 
jugate pole pair on the tone detector circle. The angle = 
360" X /o//s, where /o is the desired center frequency and 
/s Is the sampling rate (fs = 9600 Hz). The following equa- 
tions are derived from the angle and magnitude of the posi- 
tion vector pointing to a pole pair located at the desired 
angle: 

cos"^ (Pi/r) = = 360" X /o//s (Eq. 5) 
V'LPl^ + (-Pl^ - 2P2)]= r = 0.994030884 (Eq. 6) 
Solving for pi and pa: 



a = a' = 



pi = r cos (360" X /0//S) (Eq. 7) 

P2=-r^/2 (Eq.8) 

In deriving these equations, only Hi(Z) was considered. 
However, the tone detector consists of two identical filters 
in cascade. Referring to figure 5, shifting filter 1 and filter 
2 above and below the desired center frequency, a 
response with the desired bandwidth is achieved. Further- 
more, since a controls the amplitude response, one may 
set a = a' to uniformly raise or lower the overall cascade 
response. 

From Equation 8, we see that: 

P2 = P'2 = - r^/2 = -0.494048699 
Rewriting Equation 7 in terms of the offsets /a and /'a : 
pi = r cos [360" (f o - /a)//s] (Eq. 9) 

P'1 = r cos [360" (f o + /'a)//s] (Eq. 1 0) 

The frequency offset is approximately 72% of B/2 (half the 
bandwidth): 

fA« 0.72 (B/2) (Eq. 11) 

The value of /a should be equal to /'a. However, f^ may 
be chosen 1% smaller than /'a to compensate for the fact 
that the overall cascade response is not prefectly sym- 
metrical (see Figure 5). 

The values for the coefficient a and a' that set | H(fo)| = 
dS in equations 1 and 2 were measured and plotted ver- 
sus center frequency /o as shown in Figure 6. 

Three equations corresponding to three linear approxima- 
tions result: 



,_ (1 04/31 9)fo- 78.62 
^ "" 32767 

400^/0^1100 Hz 



(44/275)fo + 104 
32767 



(Eq. 12a) 



1 100 s /o :s 1650 Hz (Eq. 12b) 

(4/45)/ o + 221 
32767 

1 650 s /o ^ 3000 Hz (Eq. 1 2c) 



ENERGY AVERAGING FILTER 

The coefficients of the energy averaging filter are deter- 
mined by a Z-domain approximation to an RC circuit of 
transfer function: H(S) = 1/1 + Sx. 



1 



1 + 9600t 
1 



(Eq. 13) 



P = (1 + 1/9600r) (Eq. 14) 

Upon power-up, a" and p" are set for x = 0.1 seconds. Un- 
less different tone detector response times are required, 
these coefficients need not be changed. 

Table 1 contains the computed values of the filter coeffi- 
cients, including those of default frequencies 462 Hz, 1 100 
Hz, and 21 00 Hz. The value 32767 (hex 7FFF) is full scale 
in the SP's machine untis (i.e., 32767 = unity). Coefficients 
may range from -1 to +1 (or FFFF to 7FFF in machine 
units). 

WRITING NEW COEFFICIENTS INTO THE 
SIGNAL PROCESSOR (SP) RAM 

The RAM ACCESS B register (1 :F) allows the host proces- 
sor to specify an access code for RAM data registers. The 
access code specifies the RAM location being written. 
Table 2 contains the RAM access codes for all filter coef- 
ficients. 

The proper procedure for writing new coefficients into the 
SP RAM Is as follows: 

1 . Store the desired access code into register 1 :F. 

2. Read Register 1 :0 to reset MDA1 . 

3. Wait for bit MDA1 (1 :E:0) to be a 1 . 

4. Set the RAM write bit (1 :D:0) 

5. Write the two halves of the 1 6-bit coefficient into 
registers 1:1 and 1:0. (Register 1:1 Is the MSB.) 

6. Walt for bit MDA1 (1 :E:0) to be a 1 . 

7. If more data Is to be written, change RAM access 
code and go to step 5. 

8. Reset RAM write bit (1 :D:0). 

Writing to Register 1:0 resets MDA1 (1:E:0) to a and 
starts the write cycle, which ends by MDA1 returning to a 
1 . The RAM write bit (1 :D:0) must remain set until the end 
of the cycle. 
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Figure 2. Typical Single Filter Response 
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Figure 3. Typical Cascade Filter Response 
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Figure 4. Z-Piane Pole-Zero Diagram 
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Table 1. Calculated Coefficient Values 



Frequency Detected 


1 

Coefficient Name 


Coefficient Value 


Hex 


Decimal 


2100 Hz ±25 Hz 
/a -18 Hz 


a = a' 
P'1 

P2 = P'2 


0198 
1A4A 
175A 
0004 


408/32767 

6730/32767 

5978/32767 

-16188/32767 


1850 Hz ±24 Hz 
/A -18 Hz 


a = a' 
Pi 
P'1 

P2 = P'2 


0180 
2E37 
2B69 
0004 


384/32767 

11831/32767 

11113/32767 

-16188/32767 


1650 Hz ±23 Hz 
/A -18 Hz 


a = a' 

P1 

P'1 
P2 = p'2 


0170 
3D48 
3AA6 
0004 


368/32767 

15688/32767 

15014/32767 

-16188/32767 


1100 Hz ±30 Hz 
/A -19 Hz 


a = a' 
pi 
P'1 

P2 = P'2 


0118 
60BE 
5E90 
0004 


280/32767 

24754/32767 

24220/32767 

-16188/32767 


462 Hz ±14 Hz 
/A « 10 Hz 


a = a' 

P1 

P'1 

P2 = P'2 


0048 
79F3 
7974 
0083 


72/32767 

31219/32767 

31092/32767 

-16253/32767 



Table 2. 


Filter Coefficients Access Codes 


Node 
No. (n) 


Name 


Access Code (Hex) | 


FR1 


FR2 


FR3 


1 


a 


2E 


34 


3A 


2 


Pi 


2F 


35 


38 


3 


P2 


30 


36 


30 


4 


a' 


2B 


31 


37 


5 


P'1 


20 


32 


38 


6 


P'2 


2D 


33 


39 


7 


a" 


87 


89 


BB 


8 


P" 


88 


BA 


BO 
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R96FI/R96MD 

Modem Recommended Receive Sequence 

for Group 2 Facsimile 



INTRODUCTION 

The R96FI and R96MD include a transmit and receive 
configuration that is compatible with the transmission 
scheme of Group 2 facsimile equipment. In order to 
achieve the best results with Group 2 reception, the follow- 
ing procedure is recommended. The step numbers are 
keyed to points in Figure 1 . Refer to the respective data 
sheets, R96FI (MD06) and R96MD (MD34) for details on 
how to configure the modem and write modem data to chip 
one. 

METHOD 



GC 
2100 H7 


LCS 
1100 Hz 


PHASING 


CFR 
TX TONE 


MESSAGE 



! t 

1 2 



5 6 



Figure 1. Group 2 Facsimile Sequence 

1 . Enter Group 2 configuration and wait 5 milliseconds to 
complete initialization. Then: 

a. Write hex 0038 using access code C2. This action 
sets the Group 2 phase-locked-loop (PLL) for a 
frequency correction of 9 Hz, causing the phase 
term to drift rapidly to overcome any tendency to 
slow phase recovery. 

b. Write hex 4000 using access code F1 , and hex 
7FFF using access code 71 . This action allows 
the Group 2 PLL to accept the greatest number of 
samples for carrier recovery during phasing. 

c. Write hex 2000 using access code AA. This action 
sets the AGC slew rate for very fast acquisition. 

d. Set control bit G2FGC (1 :C:0) to a one to select 
fast AGC state. 

2. After phasing is detected, wait approximately 2 
seconds for the AGC circuit to settle. Then: 

a. Write hex 0000 using access code AA. This action 
stops AGC tracking In order to preserve the 
present AGC setting. 



b. Reset control bit G2FGC (1 :C:0) to a zero to select 
slow AGC state. This action changes the Group 2 
PLL characteristics to match reduced AGC 
response. 

c. Read and save the 1 6-bit value from registers 1 :3 
and 1 :2 using access code C2. This value repre- 
sents the frequency error term from the Group 2 
PLL. 

d. Verify that phasing signal is still being received. 
This action guarantees that AGC value was 
frozen during phasing signal. 

e. If step d above determines that phasing signal is 
present, allow transmission of CFR. If phasing 
signal Is not present, suppress CFR. 

3. Exit Group 2 configuration. 

4. At completion of CFR transmission, re-enter Group 2 
configuration and wait 5 milliseconds to complete in- 
itialization. Then: 

a. Repeat step 1.b. 

b. Repeat step 2. a. 

c. Add hex 0038 to the value saved in step 2.c above 
and write the sum using access code C2. This ac- 
tion forces a 9 Hz error as in step 1 .a. 

5. Wait for start of Group 2 message transmission. Then: 

a. Write hex 0400 using access code AA. This action 
restores the AGC slew rate to the default value. 

b. After 2 lines, write the value saved In step 2.c 
using access code C2. This action removes the 9 
Hz forced frequency error without waiting for the 
phase-locked-loop to complete the correction. 
This step is optional as the correction will even- 
tually be completed, but, depending on the per- 
centage of white In the document being sent, the 
correction may take from 4 to 16 lines (100 ms of 
white required). 
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6. After approximately 6 to 1 seconds of message 
reception, perform either step a or step b below: 

a. Write hex 6100 using access code F1 , and hex 
0600 using access code 71 . This action places 
narrow limits on the received signal used for car- 
rier recovery during message reception and 
reduces the chance of errors caused by repeated 
patterns in the message. 

b. Synchronize the modem's Group 2 PLL to the fac- 
simile machine's blanking signal as follows: 

(1) Freeze the phase-locked-loop during data by: 

(a) Writing hex 7FFF using access code F1 . 

(b) Writing hex 0000 using access code 71 . 

(2) Enable the phase-locked-loop during the 
white margins by: 

(a) Writing hex 4000 using access code F1 . 

(b) Writing hex 7FFF using access code 71 . 

(c) The sequence of writing in step 6.b is 
important and must be performed as 
described. Option 6.b requires more 
action by the host processor, but it 
eliminates the possibility of data patterns 
affecting carrier recovery. 

PARAMETER SCALING 

1 . Access code C2 represents frequency error, i.e., the 
deviation of received carrier from 21 00 Hz. 

LSB = 0.167 Hz; Range = ± 140 Hz 

2. Access code FO represents the Group 2 PLL slew 
rate for the first order term. The number is directly 
proportional to slew rate. The range of stable operat- 
ing values is 0010 to 7000 in hexadecimal. 

3. Access code AA represents the AGC slew rate. 

Range = 0000 to 7FFF in hexadecimal 
Scaling: See Figure 2. 

4. Access codes F1 and 71 represent limits on accept- 
able zero crossing for use by the carrier recovery 
loop. The carrier recovery loop uses several non- 
linear controls in attempting to lock the zero crossing 
of the local carrier to those of the transmitter. Since 
Group 2 facsimile uses VSB transmission, it is neces- 
sary to either reconstruct the upper sideband or ex- 
clude those zero crossings that represent 
frequencies other than 2100 Hz. The modem ex- 
cludes unwanted zero crossings by testing the effec- 
tive slope of the waveform as it crosses zero. In 
Figure 3, points A and B represent samples taken 
about a zero crossing over a sample period T, where 
T = 1/10,368 seconds. 



The magnitude of |A| + |B| is directly proportional to 
the slope of line segment AB and is, therefore, an in- 
dicator of frequency. If H represents the value stored at 
F1 and L represents the value at 71, then 1 ~ [|A| + 
I B I ] + H must be less than positive full scale or the fre- 
quency Is excluded for being too low. Also, 1 - [| A| + 
I B|] + H + L must be greater than positive full scale or 
the frequency is excluded for being too high. 

The average value for 1 - [| A| + | B |] with an all white 
transmission and back-to-back connection is hex 19A1 
± 0543. 

5. Access code hex 00F2 in chip 1 allows host control of 
the limits placed on phase error correction. When the 
phase error exceeds the limit set by F2, PLL updat- 
ing is suspended. The default value of 5000 cor- 
responds to a limit of ± 67.5 degrees. A zero in F2 
causes the PLL to update for any phase error. By 
resetting F2 to a zero, it may be unnecessary to 
force a frequency offset in the receive sequence. 

For systems using step 6. a In the receive sequence, 
reception of messages containing a large amount of 
black may be improved by setting F2 to zero. F2 scal- 
ing is: 

Phase limit = 180° - [(F2 value/7FFF) x 180T 

Once phasing is acquired, the limits may be narrowed 
to improve immunity to phase hits, etc. 

BLACK/WHITE THRESHOLD 

The R96FI/R96MD receives a Group 2 baseband signal 
that contains density (gray scale) Information in the 
amplitude modulation. In order for this information to be 
used on a Group 3 facsimile machine, the modem con- 
verts the gray scale to black/white baseband form. The 
threshold at which the black/white decision is made deter- 
mine the density of the received page. 

Access code 2A represents the Group 2 black/white 
threshold. This location defaults to hex 7800 at POR time. 
The number may be increased or decreased by the host 
to achieve a page weighted more toward white or toward 
black, respectively. 




Figure 3. Samples of Zero Crossing 
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Figure 2. AGC Slew Gain 
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INTRODUCTION 

The R96MD modem includes tunable oscillators that can 
be used to perform dual-tone multi-frequency (DTMF) dial- 
ing. The frequency and amplitude of each oscillator output 
is under host control. A programmable tone detector can 
also be used^n call establishment to recognize an answer 
tone. 

This applicatton note describes the method of oscillator 
and filter tuning by the host processor and provides an ex- 
ample of an autodialer routine that may be programmed 
into the host. 

DTMF REQUIREMENTS 

El A Standard RS-496, paragraph 4.3.2, specifies require- 
ments that ensure proper DTMF signaling through the 
public switched telephone network (PSTN). These tones 
consist of two sinusoidal signals, one from a high group of 
three frequencies and one from a low group of four fre- 
quencies, that represent each of the standard pushbutton 
telephone characters shown In Table 1 . 

Table 1. DTMF Signals 



Low 
Frequency 


High Frequency | 


1209 Hz 


1336 Hz 


1477 Hz 


697 Hz 


1 


2 


3 


770 Hz 


4 


5 


6 


852 Hz 


7 


8 


9 


941 Hz 


* 





# 



Signal power is defined for the combined tones as well as 
for the individual tones. Both maximum and minimum 
power requirements are functions of loop current. By com- 
bining the various requirements of RS-496, compromise 
power levels can be determined that meet the power 
specification for all U.S. lines (when driving the PSTN from 
a 600 ohm resistive source). The high frequency tone 
should be at a higher power level than the low frequency 
tone by approximately 2 dB. The maximum combined 
power, averaged over the pulse duration, should not ex- 
ceexi +1 dBm. The minimum steady state power of the high 
frepiiiency tone should not be less than -8 dBm. When 
connecting the modem circuit to the PSTN by means of a 
data access arrangement (DAA) set for permissive mode, 
the DAA gain is -9 dB. The modem circuit must, there- 
fore,drive the DAA Input with +1 dBm of steady state high 



frequency power and -1 dBm of steady state low frequen- 
cy power in order to meet all of the listed conditions. Since 
+0.5 dBm Is the maximum undistorted power level for in- 
dividual tones generated by the modem, the user may 
need to add gain in front of the DAA during DTMF dialing. 

The required duration of the DTMF pulse is 50 ms mini- 
mum. By experience, a pulse duration of approximately 
95 ms is more reliable. The required interval between 
DTMF pulses Is 45 ms minimum and 3 seconds maximum. 
Again, by experience, an interdigit delay of approximately 
70 ms Is preferred. 

The remaining requirements of RS-496, relative to DTMF 
dialing, are not influenced by the host processor. These re- 
quirements are all met by the modem's oscillators. 

SETTING OSCILLATOR PARAMETERS 

The oscillator frequency and output power are set by the 
host computer in DSP RAM using the microprocessor bus 
and diagnostic data routine. For a description of the 
microprocessor bus and other interface considerations, 
refer to the R96MD modem data sheet (Order Number 
MD34). 

When setting the frequency of tone 1 , the host must write 
a 16-bit hexadecimal number into RAM using RAM access 
code 71 with bit RAE = 1 . When setting the frequency of 
tone 2, a 16-bit hexadecimal number must be written into 
RAM using RAM access code 71 with bit RAE = 0. The 
power levels of tone 1 and tone 2 are set by writing 1 6-bit 
hexadecimal numbers into RAM using RAM access code 
72 with bit RAE = 1 , and with RAE = 0, respectively. The 
hexadecimal numbers written into these RAM locations 
are scaled as follows: 

Frequency number = 6.8267 (desired frequency in Hz) 

Power number = 15360 [10^^^^°^] 

Where Po = output power in dBm with a series 600 
ohm resistor Into a 600 ohm load. 

These decimal numbers must be converted to 
hexadecimal form then stored in RAM by following the 
RAM data write routine illustrated by Figure 1. Hex 3FFF 
Is the maximum value of Power level number without har- 
monic distortion. 
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( START j 



STORE RELEVANT ACCESS CODE 
IN RAM ACCESS S (0:F:0-7) 
OF INTERFACE MEMORY 



SET RAE = 1 OR 
AS APPROPRIATE 



READ LOCATION 
TO RESET MDAO 




1 — RAMWS (0:5:5) 



DATA (MSB) — RAM DATA YSM (0:1:0-7) 
DATA (LSB) — RAM DATA YSL (0:0:0-7) 



CHANGE RAM ACCESS S (0:F:0-7) 




NOTE: TO ASSURE CORRECT OPERATION, MAXIMUM 
ALLOWABLE TIME FROM MDAO = 1 TO WRITING DATA INTO 
RAM DATA YSM AND RAM DATA YSL IS 80 MICROSEC. 



-*- RAMWS (0:5:5) 


^ 


f 


C5 


» ) 



Figure 1. RAM Data Write Routine 
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Hexadecimal numbers for DTMF generation are listed in 
Table 2, Power levels are selected to give the desired out- 
put power for each tone (0 dBm for the high frequency tone 
and -2 dBm for the low frequency tone) while compensat- 
ing for modem filter characteristics. 



Table 2. DTMF Parameters 



Digit 


RAM Access S 


RAE 


Value (Hex) 




71 




1918 




71 





23A0 





72 




32BE 




72 





3FBE 




71 




1296 




71 





203D 


1 


72 




32F1 




72 





3FFF 




71 




1296 




71 





23A0 


2 


72 




32F1 




72 





3FBE 




71 




1296 




71 





2763 


3 


72 




32F1 




72 





3F6C 




71 




1488 




71 





203D 


4 


72 




3327 




72 





3FFF 




71 




1488 




71 





23A0 


5 


72 




3327 




72 





3FBE 




71 




1488 




71 





2763 


6 


72 




3327 




72 





3F6C 




71 




16B8 




71 





203D 


7 


72 




330B 




72 





3FFF 




71 




16B8 




71 





23A0 


8 


72 




330B 




72 





3FBE 




71 




16B8 




71 





2763 


9 


72 




330B 




72 





3F6C 



DETECTING ANSWER TONE 

Frequency detector bit FR1 (1 :B:5) can be used to detect 
a 2100 Hz answer tone when connection to the remote 
modem is successful. Bit FR1 goes active (one) when 
energy above the turn-on threshold is present at 21 00 Hz 
±25 Hz. At the end of the answer tone, FR1 returns to zero 
and data transmission can begin. 

COMPLETE CALLING SEQUENCE 

A complete calling sequence consists of several steps in- 
cluding modem configuration, telephone number selec- 
tion, DTMF transmission, and answer tone detection. A 
sample flow chart for implementing an auto-dialer in host 
software is illustrated in Figure 2. 

The auto-dialer routine may be entered at one of two 
points; either AUTO DIAL or REDIAL. When entering at 
AUTO DIAL, the host prompts the user to enter a phone 
number, which is then stored in the phone number buffer. 
When entering at REDIAL, the routine dials the number 
previously stored in the phone number buffer and does not 
issue a user prompt. 

Interrupts not required during dialing are disabled to 
prevent errors in real time delays. Interrupt status is saved 
to allow restoring these interrupts when dialing is com- 
plete. The current modem configuration is saved prior to 
selecting the DTMF Transmit configuration, then restored 
at the completion of the auto-dialer routine to allow data 
transfer. 

The commands for off-hook and request coupler cut 
through are typical of signals required by data access ar- 
rangements that may be connected to the modem for 
switched network operation. 

Since the number to be dialed varies in length depending 
on the requirements of various PBX equipment, domestic 
telephone companies, and foreign PTTs, the number buff- 
er must allow for numbers of different length. The method 
used in Figure 2 to determine the end of valid bytes in the 
buffer is zero recognition. After the last digit is entered, the 
carriage return must place a hexadecimal 00 (ASCII NUL 
character) in the buffer. All other bytes must be non-NUL 
ASCII characters. Only numeric characters (ASCII 30 
through 39) are printed and dialed. Non-numeric charac- 
ters are tested for comma and NUL. Comma causes a 2- 
second pause in dialing to allow for known delays in the 
telephone network or PBX. NUL ends the dialing portion of 
the routine and begins the answer tone detection portion. 
All other characters are ignored. 
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PRINT "NO COUPLER CUT THROUGH" 
AND SET DAA TO ONHOOK 



CED 



( AUTO DIAL j 



REQUEST PHONE NUMBER 

FROM INPUT DEVICE 

AND LOAD NUMBER BUFFER 



GO TO REDIAL ROUTINE 



( REDIAL j 



SAVE INTERRUPT STATUS 
AND DISABLE INTERRUPTS 



SAVE MODEM'S CURRENT CONFIGURATION 
AND SELECT DTMF TRANSMIT CONFIGURATION 



SET DATA ACCESS ARRANGEMENT 
(DAA) TO OFF-HOOK 



REQUEST COUPLER CUT 
THROUGH FROM DAA 




START 3 SECOND TIMER 




PRINT "DIALING" 



( DIAL J 



Figure 2. Autodialer Flow Chart 
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C °'" ) 






1 


1 


READ NEXT BYTE 
FROM NUMBER BUFFER 




PRINT BYTE 



SELECT ONE SET OF FOUR 
COEFFICIENTS FROM TABLE 2 
BASED ON VALUE OF BYTE 



STORE FOUR COEFFICIENTS 
IN RAM USING RAM WRITE 
ROUTINE OF FIGURE 1 



I 



1--RTS (1:5:7) 

~~r- 



DELAY FOR 

95 MILLISECONDS 



I 



0-RTS (1:5:7) 



DELAY FOR 70 MILLISECONDS 




DELAY 2 SECONDS 




ANS.DET 



Figure 2. Autodiaier Flow Chart (Cont'd) 
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[ ANS. DET j 



SELECT FSK 
CONFIGURATION 



PRINT "WAITING 
FOR ANSWER" 



START 30 SECOND 
TIMER 




PRINT "NO ANSWER" 
AND SET DAA TO ON HOOK 



CjED 



PRINT "ON LINE" 



RESTORE MODEM 
CONFIGURATION 



RESTORE INTERRUPT 
STATUS 



(GO TO DATA ^ 
SEND/RECEIVE ] 
ROUTINE y 



Figure 2. Autodialer Flow Chart (Cont'd) 
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The answer tone detection logic allows 30 seconds for 
2100 Hz recognition. If answer tone Is not recognized 
within this time limit, the call is aborted. If answer tone is 
recognized, the routine jumps to the data handling 
software. 

SINGLE TONE GENERATION 

In OEM equipment that combines the features of a modem 
with those of a telephone handset, the tone generators 
may be used to generate a caller reassurance tone (or 
even music) while the caller is kept on hold. To generate 
a single tone, set one of the oscillators to zero frequency 
or zero amplitude while the other oscillator is keyed on by 
the RTS bit. This technique is also applicable for generat- 
ing a 2100 Hz answer tone when the modem is used to 
automatically answer a call. The parameters for 2100 Hz 
answer tone generation are listed in Table 3. 



Table 3. 2100 Hz Answer Tone Parameters 



Frequency 


RAM Access S 


RAE 


Value 


2100 Hz 


71 


1 


3800 




71 





0000 




72 


1 


5FFF 




72 





5FFF 
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INTRODUCTION 

The R24MFX, R24BKJ, R48MFX, and R48PCJ modems 
include tunable oscillators that can be used to perform 
dual-tone multi-frequency (DTMF) dialing. The frequency 
and amplitude of each oscillator output is under host con- 
trol. A programmable tone detector can also be used in 
call establishment to recognize an answer tone. 

This application note describes the method of oscillator 
and filter tuning by the host processor and provides an 
example of an auto-dialer routine that may be pro- 
grammed into the host. 

DTMF REQUIREMENTS 

EIA Standard RS-496, paragraph 4.3.2, specifies require- 
ments that ensure proper DTMF signaling through the 
public switched telephone network (PSTN). These tones 
consist of two sinusoidal signals, one from a high group 
of three frequencies and one from a low group of four fre- 
quencies, that represent each of the standard pushbutton 
telephone characters shown in Table 1. 



Table 1. DTMF Signals 



^^-^.^^ High 

Low ^\^ 
Frequency ^"-^^ 


1209 Hz 


1336 Hz 


1477 Hz 


697 Hz 


1 


2 


3 


770 Hz 


4 


5 


6 


852 Hz 


7 


8 


9 


941 Hz 


* 





# 



Signal power is defined for the combined tones as well as 
for the individual tones. Both maximum and minimum 
power requirements are functions of loop current. By com- 
bining the various requirements of RS-496, compromise 
power levels can be determined that meet the power spec- 
ification for all U.S. lines (when driving the PSTN from a 
600 ohm resistive source). The high frequency tone should 
be at a higher power level than the low frequency tone by 
approximately 2 dB. The maximum combined power, aver- 
aged over the pulse duration, should not exceed + 1 dBm. 
The minimum steady state power of the high frequency 
tone should not be less than -8 dBm. When connecting 
the modem circuit to the PSTN by means of a data access 
arrangement (DAA) set for permissive mode, the DAA gain 
is -9 dB. The modem circuit must, therefore, drive the 
DAA input with +1 dBm of steady state high frequency 



power and - 1 dBm of steady state low frequency power in 
order to meet all of the listed conditions. 

The required duration of the DTMF pulse is 50 ms mini- 
mum. By experience, a pulse duration of approximately 
95 ms is more reliable. The required interval between 
DTMF pulses is 45 ms minimum and 3 seconds maximum. 
Again by experience, an interdigit delay of approximately 
70 ms is preferred. 

The remaining requirements of RS-496, relative to DTMF 
dialing, are not Influenced by the host processor. These 
requirements are all met by the modem's oscillators. 

SETTING OSCILLATOR PARAMETERS 

The oscillator frequency and output power are set by the 
host computer using the microprocessor bus and diagnos- 
tic data routine. For a description of the microprocessor 
bus and other interface considerations, refer to the 
R24/48MEB modem evaluation board data sheet and the 
relevant modem data sheet listed in Table 2. 

Table 2. Data Sheet Order Numbers 



Title 


Order Number 


R24/48MEB Data Sheet 
R24MFX Data Sheet 
R24BKJ Data Sheet 
R48MFX Data Sheet 
R48PCJ Data Sheet 


MD22 
MD17 
MD20 
MD19 
MD21 




When setting the frequency of tone 1, the host must write 
a 16-bit hexadecimal number into RAM using RAMA code 
BE. When setting the frequency of tone 2, a 16-bit hexa- 
decimal number must be written into RAM using RAMA 
code 8F. The power levels of tone 1 and tone 2 are set by 
writing 16-bit hexadecimal numbers into RAM using 
RAMA codes 44 and 45, respectively. The hexadecimal 
numbers written into these RAM locations are scaled as 
follows: 

R24MFX AND R24BKJ 

Frequency number = 9.1022 (desired frequency in Hz). 

R48MFX AND R48PCJ 

Frequency number = 6.8267 (desired frequency in Hz). 

R24MFX, R24BKJ, R48MFX, AND R48PCJ 

Power number = 27573.6 [10<Po/20)] 
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Where Pq = output power in dBm with a series 600 ohm 
resistor into a 600 ohm load. 

These decimal numbers must be converted to hexadeci- 
mal form then stored In RAM by following the RAM data 
write routine illustrated by Figure 1. 

Hexadecimal numbers for DTMF generation on the 
R24MFX and R48MFX are listed in Table 3. These numbers 
are also suitable for use with the R24BKJ and R48PCJ. 
Numbers used for setting the frequency of tone 1 and tone 
2 are larger in the 2400 bps products than in the 2400/4800 
bps products. This variation is due to the sample rate dif- 
ference between these modems. Power levels iare selected 
to give the desired output power for each tone while com- 
pensating for modem filter characteristics. 



DETECTING ANSWER TONE 

The modem tone detect bit, TDET (A:7), can be used to 
detect the presence of answer tone when connection to 
the remote modem is successful. Bit TDET goes active 
(one) when energy Is detected by the associated tone 
detect filter. This filter is Illustrated in Figure 2. 

A set of eight coefficients determines the filter response. 
Table 2 lists the RAM access codes and filter coefficient 
values to be written using the RAM Data Write routine of 
Figure 1. These values tune the filter to detect 2100 Hz 
± 25 Hz. 

Once TDET turns on, the calling modem knows the call 
has been answered. At the end of the answer tone, TDET 
returns to zero and data transmission can begin. 



Table 3. DTMF Parameters 



Digit 


RA[\/IA 


R24XXX 


R48XXX 





8E 
8F 
44 
45 


2174 
2F80 
6184 
7AB0 


1918 
23A0 
6184 
7A80 


1 


8E 
8F 
44 
45 


1BC8 
2AFC 
61 E8 
7AFC 


1296 
203D 
61 EB 
7AFC 


2 


8E 
8F 

44 
45 


1BCB 
2F80 
61 EB 
7AB0 


1296 
23A0 
61 EB 
7A80 


3 


8E 
8F 
44 
45 


18C8 
3483 
61 E8 
79E3 


1296 
2763 
61 EB 
79E3 


4 


BE 
8F 
44 
45 


1B60 
2AFC 
6250 
7AFC 


1488 
203D 
6250 
7AFC 


5 


BE 
8F 
44 
45 


1B60 
2FB0 
6250 
7A80 


1488 
23A0 
6250 
7A80 


6 


BE 
BF 
44 
45 


1B60 
3483 
6250 
79E3 


1488 
2763 
6250 
79E3 


7 


BE 
BF 
44 
45 


1E4A 
2AFC 
621 A 
7AFC 


16B8 
203D 
621 A 
7AFC 


8 


BE 
BF 
44 
45 


1E4A 
2FB0 
621 A 
7AB0 


16B8 
23A0 
621 A 
7A80 


9 


BE 
BF 

44 
45 


1E4A 
3483 
621 A 
79E3 


16B8 
2763 
621 A 
79E3 



COMPLETE CALLING SEQUENCE 

A complete calling sequence consists of several steps 
Including modem configuration, telephone number selec- 
tion, DTMF transmission, and answer tone detection. A 
sample flow chart for Implementing an auto-dialer In host 
software is illustrated in Figure 3. 

The auto-dialer routine may be entered at one of two 
points; either AUTO DIAL or REDIAL When entering at 
AUTO DIAL, the host prompts the user to enter a phone 
number, which is then stored in the phone number buffer. 
When entering at REDIAL, the routine dials the number 
previously stored in the phone number buffer and does not 
issue a user prompt. 

interrupts not required during dialing are disabled to pre- 
vent errors in real time delays. Interrupt status Is saved to 
allow restoring these Interrupts when dialing is complete. 
The current modem configuration is saved prior to select- 
ing the tone configuration, then restored at the comple- 
tion of the auto-dialer routine to allow data transfer. 

The commands for off-hook and request coupler cut 
through are typical of signals required by data access 
arrangements that may be connected to the modem for 
switched network operation. 

Since the number to be dialed varies in length depending 
on the requirements of various PBX equipment, domestic 
telephone companies, and foreign PTTs, the number 
buffer must allow for numbers of different length. The 
method used in Figure 3 to determine the end of valid 
bytes In the buffer Is zero recognition. After the last digit 
is entered, the carriage return must place a hexadecimal 
00 (nul character) in the buffer. All other bytes must be 
non-zero ASCII characters. Only numeric characters 
(ASCII 30 through 39) are printed and dialed. Non-numeric 
characters are tested for comma and nul. Comma causes 
a 2-second pause In dialing to allow for known delays in 
the telephone network or PBX. Nul ends the dialing por- 
tion of the routine and begins the answer tone detection 
portion. All other characters are Ignored. 
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CHANGE RAMA (F:0-7) 



( START j 



STORE RELEVANT ACCESS CODE 
IN RAMA (F:0-7) OF SCRATCHPAD 




1 -- RAMW(C:0) 



DATA (MSB) -^DDYM (1:0-7) 



DATA (LSB) ^DDYL (0:0-7) 






^- 




1 - 


^ RAMW (C:0) 


i 


c_ 


END 


J 



Figure 1. RAM Data Write Routine 
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INPUT - 




«"(7) 



|ABS| -U^2^>(e) 

1 1 fns) 



-0^{7i 



t^- OUTPUT 

TO THRESHOLD 
COMPARATOR 

TDET = 1 IF OUTPUT > 1/8 

TDET = IF OUTPUT < 1/8 



1ST BI-QUAD FILTER I 2'^'' BI-QUAD FILTER I 

NOTE: NUMBERS IN ( ) REFER TO NODE NUMBERS IN TABLE 4. 



ENERGY AVERAGING 



Figure 2. Tone Detector Diagram 



Table 4. Tone Detector Coefficients for 2100 Hz 





Coefficient 


R24XX 


R48XX 




Coefficient 




Coefficient 


Node 


Name 


RAMA 


Value 


RAMA 


Value 


1 


a 


36 


0198 


38 


0198 


2 


^1 


37 


E0F4 


39 


1A4A 


3 


^2 


38 


C0C5 


3A 


C0C5 


4 


a' 


39 


0198 


38 


0198 


5 


^1 


3A 


DD33 


3C 


175A 


6 


^2 


3B 


C0C5 


3D 


C0C5 


7 


a" 


86 


002D 


88 


0022 


8 


^" 


87 


7FD1 


89 


7FDC 



The answer tone detection logic allows 30 seconds for 
2100 Hz recognition. If answer tone is not recognized 
within this time limit, the call is aborted. If answer tone 
is recognized, the routine jumps to the data handling 
software. 

ADDED FEATURES 

The application of modem tone generation and detection 
to DTMF dialing and answer tone recognition can be 
extended to include additional features. For example, the 



tone detector can monitor call progress for dial tone, busy 
signal or ringback tone. The detector filter must be 
returned to detect different frequencies used In call prog- 
ress signaling. Table 5 lists tones for various lines In the 
Bell network. These call progress signals vary according 
to the telephone networks of each country. For details on 
tuning the tone detector for other frequencies, refer to 
Application Note Order No, 668. That note refers to the 
R96F filters but is also applicable to R24XXX and R48XXX 
modems for coefficient calculation. When applying Appli- 
cation Note 668 to R24XXX modems, the sample rate used 
should be 7200 samples per second rather than 9600 sam- 
ples per second. 

In OEM equipment that combines the features of a 
modem with those of a telephone handset, the tone gener- 
ators may be used to generate a caller reassurance tone 
(or even music) while the caller is kept on hold. To gener- 
ate a single tone, set one of the oscillators to zero fre- 
quency or zero amplitude while the other oscillator is 
keyed on by the RTSP bit. This technique is also applica- 
ble for generating a 2100 Hz answer tone when the modem 
is used to automatically answer a call. The parameters for 
2100 Hz answer tone generation are listed in Table 6. 



5-22 



Application Note 



DTIVIF Dialing Using the R24XXX or R48XXX Modem 



TIME OUT 



PRINT "NO COUPLER CUT THROUGH" 
AND SET DAA TO ONHOOK 



( "" ) 



f AUTO DIAL j 



REQUEST PHONE NUMBER 

FROM INPUT DEVICE 

AND LOAD NUMBER BUFFER 



GO TO REDIAL ROUTINE 



f REDIAL J 



SAVE INTERRUPT STATUS 
AND DISABLE INTERRUPTS 



I 



SAVE MODEM'S CURRENT CONFIGURATION 
AND SELECT TONE CONFIGURATION 



SET TONE DETECT FILTER 
COEFFICIENTS FOR 2100 Hz 



SET DATA ACCESS ARRANGEMENT 
(DAA) TO OFFHOOK 



REQUEST COUPLER CUT 
THROUGH FROM DAA 




3TART 3 SECOND TIMER 




PRINT "DIALING" 



( DIAL j 



Figure 3. Autodlaler Flow Chart 
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( DIAL j 



READ NEXT BYTE 
FROM NUMBER BUFFER 




PRINT BYTE 



SELECT ONE SET OF FOUR 
COEFFICIENTS FROM TABLE 3 
BASED ON VALUE OF BYTE 



STORE FOUR COEFFICIENTS 
IN RAM USING RAM WRITE 
ROUTINE OF FIGURE 1 



1 — RTSP (C:7) 



DELAY FOR 

95 MILLISECONDS 



1 — RTSP (C:7) 



DELAY FOR 70 MILLISECONDS 




DELAY 2 SECONDS 




ANS.DET 



Figure 3. Autodialer Flow Chart (Cont'd) 
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{ ANS. DET J 






1 
♦ 






PRINT "WAITING 
FOR ANSWER" 






\ 




/\ 


START 30 SECOND 
TIMER 














1 


' N y^ ^v. 






\ ^ 


Y 




PRINT "NO ANSWER" 
AND SET DAA TO ON HOOK 






\ 


' 1 


f 






( EXIT j 


PRINT "ON LINE" 






V J 


* 












RESTORE MODEM 
CONFIGURATION 




< 


' 






RESTORE INTERRUPT 
STATUS 






\ 


1 






/" GO TO DATA "N 
{ SEND/RECEIVE J 
V ROUTINE J 















Figure 3. Autodialer Flow Chart (Cont'd) 
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Table 5. Call Progress Signals 



Tone 


Frequency (Hz)' 


Interruption Rates 


Use 


Precision Dial Tone 


350 
+ 440 


Continuous 


Dialing may commence 


Old Dial Tones 


600 

+ 120 or 133, and 

other combinations 


Continuous 


Dialing may commence 


Precision Busy 


480 
+ 620 


5 Sec. On 
0.5 Sec. Off 


Called line busy 


Old Busy 


600 
+ 120 


0.5 Sec. On 
0.5 Sec. Off 


Called line busy 


Precision Reorder 


480 \ 
+ 620 1 


3 Sec. On \ Local 
0.2 Sec Off 1 Reorder 
0.2 Sec. On ^ Toll 
0.3 Sec. Off 1 Reorder 
0.25 Sec. On \ Toll 
0.25 Sec. Off ( Local 


All local switching paths 
busy, all trunks busy, all 
paths or trunks busy 


Old Reorder 


600 } 
+ 120 1 


Precision Audible 
Ringing 


440 
+ 480 


2 Sec. On 
4 Sec. Off 


To calling customer 


Old Audible 
Ringing 


420 
+ 40, and other 
combinations 


2 Sec. On 
4 Sec. Off 


To calling customer 


Call Waiting 


440 


0.3 Sec On 


Call waiting service; an 
incoming call is waiting 


Precision Receiver 
Off-Hook (ROH) 


1400 
+ 2060 
+ 2450 
+ 2600 


On and Off 5 Times 
per Sec 


To cause off-hook 
customers to go 
on-hook 


Precision High Tone 


480 


Continuous 


To cause off-hook 
customers to go 
on-hook 


Old High Tone 


480, 400 or 540 


Recorder 
Connector Tone 


1400 


On 5 Sec. Every 15 
Seconds 


To indicate call is being 
recorded by distant 
customer 


*A " + " sign indicates either superposition (precision tones) or modulation (old tones). 



Table 6. 


2100 Hz Answer Tone Parameters 


Frequency 


RAMA 


R24XXX 


R48XXX 


2100 Hz 


8E 
8F 
44 
45 


4AAA 
0000 
5FFF 
5FFF 


3800 
0000 
5FFF 
5FFF 
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INTRODUCTION 

The R96MFX includes a transmit and receive configuration 
that is compatible with the transmission scheme of 
Group 2 facsimile equipment. In order to achieve the best 
results with Group 2 reception, the following procedure is 
recommended. The step numbers are keyed to points in 
Figure 1. Refer to Data Sheet MD47 for details on how to 
configure the modem and write modem data. 











GC 
2100 Hz 


LCS 
1100 Hz 


PHASING 


CFR 
TX TONE 


MESSAGE 








f t 1 

2 : 


3 


[ t t 
\ 5 6 





Figure 1. Group 2 Facsimile Sequence 

METHOD 

1 . Enter Group 2 configuration and wait 5 milliseconds to 
complete initialization. Then: 

a. Write hex 0038 using access code OD, CRx = 0. 
This action sets the Group 2 phase-locked-loop for 
a frequency correction of 9 Hz, causing the phase 
term to drift rapidly to overcome any tendency to 
slow phase recovery. 

b. Write hex 4000 using access code 19, CRx = 0, and 
hex 7FFF using access code 99, CRx = 0. This ac- 
tion allows the Group 2 phase locked-loop to accept 
the greatest number of samples for carrier recovery 
during phasing. 

c. Write hex 2000 using access code 05, CRx = 1 . This 
action sets the AGC slew rate for very fast acquisi- 
tion. 

d. Select fast AGC state by setting control bit G2FGC 
(0D:3) to a one. 

2. After phasing is detected, wait approximately 2 seconds 
for the AGC circuit to settle. Then: 

a. Write hex 0000 using access code 05, CRx = 1 . This 

action stops AGC tracking in order to preserve the 
present AGC setting. 

b. Reset control bit G2FGC (0D:3) to a zero to select 
slow AGC rate. This action changes the Group 2 



phase-locked-loop characteristics to match 
reduced AGC response. 

c. Read and save the 1 6-bit value from registers 3 and 
2 using access code OD, CRx = 0. This value repre- 
sents the frequency error term from the Group 2 
phase-locked-loop. 

d. Verify that phasing signal is still being received. This 
action guarantees that AGC value was frozen during 
phasing signal. 

e. If step d above determines that phasing signal is 
present, allow transmission of CFR. If phasing sig- 
nal is not present, suppress CFR. 

3. Exit Group 2 configuration. 

4. At completion of CFR transmission, reenter Group 2 
configuration and wait 5 milliseconds to complete in- 
itialization. Then: 

a. Repeat step 1.b. 

b. Repeat step 2.a. 

c. Add hex 0038 to the value saved in step 2.c above 
and write the sum using access code OD, CRx = 0. 
This action forces a 9 Hz error as in step 1 .a. 

5. Wait for start of Group 2 message transmission. Then: 

a. Write hex 0400 using access code 05, CRx = 1 . This 
action restores the AGC slew rate to the default 
value. 

b. After 2 lines, write the value saved in step 2.c using 
access code OD CRx = 0. This action removes the 
9 Hz forced frequency error without waiting for the 
phase-locked-loop to complete the correction. This 
step is optional as the correction will eventually be 
completed, but, depending on the percentage of 
white in the document being sent, the correction 
may take from 4 to 6 lines (100 ms of white re- 
quired). 

6. After approximately 6 to 1 seconds of message recep- 
tion, perform either step a or step b below: 

a. Write hex 6100 using access code 19, CRx = and 
hex 0600 using access code 99, CRx = 0. This ac- 
tion places narrow limits on the received signal used 
for carrier recovery during message reception and 
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reduces the chance of errors caused by repeated 
patterns in the message. 

b. Synchronize the modem's Group 2 phase-locked- 
loop to the facsimile machine's blanking signal as 
follows: 

(1) Freeze the phase-locked -loop during data by: 

(a) Writing hex 7FFF using access 
code 19, CRx = 

(b) Writing hex 0000 using access 
code 99, CRx = 

(2) Enable the phase-locked-loop during the white 
margins by: 

(a) Writing hex 4000 using access 

code 19, CRx = 

(b) Writing hex 7FFF using access 
code 99, CRx = 

c. The sequence of writing in step 6.b is important and 
must be performed as described. Option 6.b requires 
more action by the host processor, but it eliminates the 
possibility of data patterns affecting carrier recovery. 

PARAiVlETER SCALING 

1 . Access code OD, CRX = represents frequency error 
I.e., the deviation of received carrier from 2100 Hz. 

LSB = 0.167 Hz.; Range = ± 140 Hz. 

2. Access code 1 8, CRx = represents the Group 2 phase- 

locked-loop slew rate for the first order term. The num- 
ber Is directly proportional to slew rate. The range of 
stable operating values is 0010 to 7000 in hexidecimal. 

3. Access code 05, CRx = 1 represents the AGC slew rate. 

Range = 0000 to 7FFF in hexidecimal. 
Scaling: See Figure 2. 

4. Access codes 19 and 99, CRx = represent limits on 

acceptable zero crossing for use by the carrier 
recovery loop. The carrier recovery loop uses several 
nonlinear controls in attempting to lock the zero cross- 
ing of the local carrier to those of the transmitter. Since 
Group 2 facsimile uses VSB transmission, it is neces- 
sary to either reconstruct the upper sideband or ex- 
clude those zero crossings that represent frequencies 
other than 2100 Hz. The R96MFX excludes unwanted 
zero crossings by testing the effective slope of the 
waveform as it crosses zero. In Figure 3, points A and 
B represent samples taken about a zero crossing over 
a sample period T, where T = 1/10,368 seconds. 

The magnitude of [|A| -i- |B|] is directly proportional to 
the slope of line segment AB and is therefore an indicator 




Figure 3. Samples of Zero Crossing 



of frequency. If H represents the value stored at 19, 
CRx = and L represents the value at 99, CRx = 0, then 
1-[|A| + |B|]-i"H + L must be greater than positive full 
scale or the frequency is excluded for being too high. 

The average value for 1 - [|A| + |B|] with an all white 
transmission and back-to-back connection is hex 19A1 ± 
0543. 

5. Access code 1A, CRx = allows host control of the 
limits placed on phase error correction. When the 
phase error exceeds the limit set by 1 A, CRx = 0, PLL 
updating is suspended. The default value of 5000 cor- 
responds to a limit of ± 27.34 degrees. A zero in 1A, 
CRx = causes the PLL to update for any phase error. 
By setting 1 A, CRx = to zero, it may be unnecessary 
to force a frequency offset in the receive sequence. For 
systems using step 6.a in the receive sequence, recep- 
tion of messages containing a large amount of black 
may be improved by setting 1A, CRx = to zero. 1A, 
CRx = scaling is: 

Phase limit = 360° x (2100/10368) x A 

where A = [7FFF - (1 A, CRx = value)]/7FFF 

Once phasing is acquired, the limits may be narrowed to 
improve immunity to phase hits, etc. 

BLACK/WHITE THRESHOLD 

The R96MFX receives a Group 2 baseband signal that con- 
tains density (gray scale) information in the amplitude 
modulation. In order for this information to be used on a 
Group 3 facsimile machine the R96MFX converts the gray 
scale to black/white baseband form. The threshold at 
which the black/white decision is made determines the 
density of the received page. 

Access code 24, CRx = represents the Group 2 
black/white threshold. This location defaults to hex 7200 
at POR time. The number may be increased or decreased 
by the host to achieve a page weighted more toward white 
or toward black, respectively. 
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R96EFX HDLC and Programmable 
Interrupt Features 



INTRODUCTION 

The HDLC (High Level Data Link Control) protocol is a 
standard procedure used for data communications. SDLC 
(Synchronous Data Link Control) is a bit-oriented protocol 
which Is a subset of HDLC. The same format is used in 
both protocols although all SDLC fields must be eight-bit 
octets. The R96EFX 9600 bps MONOFAX® Modem with 
Error Detection uses the SDLC eight-bit octet format. 
A programmable interface memory interrupt is featured in 
the R96EFX. This feature allows the user to select an in- 
terrupt to occur on any combination of bits within the Inter- 
face memory registers. 

HDLC FRAMES 

Data and control information on a HDLC link are trans- 
mitted via frames. These frames organize the information 
into a format specified by an ISO standard that enables the 
transmitting and receiving station to synchronize with each 
other. This format is shown in Figure 1 . 

FLAGS 



FLAG ADDR CONTROL 



INFORMATION 



16-BIT FCS FLAG 



- FRAME STARTS 



ZI 



Figure 1. HDLC Franne 



All frames start and end with a flag sequence. The begin- 
ning flag and the ending flag are defined by the bit pattern 
01111110 (7E). The ending flag for one frame can also 
serve as the beginning flag for the following frame. If 
separate ending and beginning flags are used, the final 
zero in the ending flag of one frame may also serve as the 
first zero of the beginning flag in the following frame. This 
process Is known as "zero-sharing". The zero-sharing bit 
patternis011111101111110. 

ADDRESS FIELD 

The address field informs the receiver where the informa- 
tion Is to go (if the primary station is transmitting) or where 
the message originated (If a secondary station is transmit- 
ting). This field Is eight bits in length for the "basic" format. 



For the "extended" format, the length is N number of oc- 
tets, each octet having the first bit a binary zero with the 
exception of the last octet that begins with a binary one. 

1. The Broadcast Address 11111111 

2. The Null Address 00000000 

CONTROL FIELD 

The control field defines the function of the frame. It may 
contain a command or response. The control field might 
also contain send or/and receive sequence numbers. This 
field can be in one of the following formats: 

1 . Information Transfer Format 

2. Supervisory Format 

3. Unnumbered Format 

This field is normally 8 bits in length. However, certain 
protocols allow for an "extended" control field. For ex- 
ample, it is 16 bits In length for modulo 128 operation of 
the LAP and LAPB procedures. 

INFORMATION FIELD 

The R96EFX treats the address field, the control field, and 
any other transmitted data, except for the flags and the 
Frame Check Sequence, as the information field. The in- 
formation field does not have a set length; however, this 
field follows the SDLC protocol in being In the format of 
eight bit bytes. 

ZERO INSERTION 

Since flags mark the beginning and ending of a frame, 
some method must be implemented to inhibit or alter the 
transmission of data that appear as flags. The method 
used is called "zero insertion". HDLC procedures require 
that a zero be transmitted following any succession of five 
continuous ones. This includes all data in the address, 
control, information and Frame Check Sequence fields. 
Use of zero insertion denies any pattern of 01 1 1 1 1 1 to 
ever be transmitted between beginning and ending flags. 

ZERO DELETION 

When transmitting flags, zero insertion is disabled. During 
reception of data, after testing for flag recognition, the 
receiver removes a zero that immediately follows five con- 
tinuous ones. This is termed "zero deletion". A one that fol- 
lows five continuous ones signifies either a frame abort 
(i.e., at least seven ones with no zero insertion) or a flag 
(i.e., 01 1 1 1 1 1 0). The sixth one is, therefore, not removed. 
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FRAME CHECK SEQUENCE 

The purpose of the Frame Check Sequence (FCS) is to 
give a shorthand representation of the entire transmitted 
information field and to compare it to the identically 
generated shorthand representation of the received se- 
quence. If any difference occurs, the received frame was 
in error and should be re-transmltted. 

The FCS computation is done on all fields within the frame 
but does not include the flags. Cyclic Redundancy Check 
(CRC) Is the method used. The polynomial is specified in 
CCITT T.30 and X.25 as follows: 



The polynomial is implemented as shown in Figure 2. 

The Frame Check Sequence is sent as two bytes of data 
immediately preceding the ending flag of the frame. The 
FCS register is first preset to all binary ones. The register 
is then modified by shifting in the data (no flags) contained 
in the address, control, and information fields. Following 
the last bit of data, the ones complement of the FCS 
register is transmitted as the 1 6-bit FCS. The FCS is trans- 
mitted with the highest order bit (x^^) first. 

FRAME ABORTION, FRAME IDLE, AND TIME FILL 

Frame abortion prematurely finishes transmission of a 
frame. This occurs by sending at least seven consecutive 
ones with no zero insertion. This abort pattern terminates 
a frame immediately and does not require a FCS or an en- 
ding flag. 

An abort pattern followed by a minimum of eight addition- 
al consecutive ones idles the data link. Thus, seven to 
fourteen ones establish the abort pattern; fifteen or more 
ones constitute an idle pattern. 

Interframe time fill is accomplished by transmitting con- 
tinuous flags without zero-sharing between flags. There- 
fore, the transmitter must be capable of sending multiple 
flags to maintain the active state in the receiver if any time 
fill is required. 



IMPLEMENTATION 

A representation of the HDLC process is shown in Figure 
3. The events are numbered in order of occurrence from 
one to four. 

1 . The beginning flag is transmitted. The receiver 
sees the flag and now becomes aligned with the 
transmitter. Both the receive and the transmitter 
FCS registers are preset to FFFF (hex). 

2. The information field is transmitted. The data is 
also run through the FCS register before zero in- 
sertion. At the receive end, after the zero deletion 
algorithm, the data is presented to the user and 
then run through the FCS register. 

3. The FCS is inverted and then transmitted. The 
transmitted FCS is passed through the receiver's 
FCS register. The shift register will contain 
1111 00001 01 1 1 000 if the frame has been 
received correctly. 

4. The ending flag is transmitted. 

The signal timing is illustrated in Figure 4. 

TRANSMITTER AND RECEIVER IMPLEMENTATION 

In order to use HDLC in the R96EFX, the host processor 
must: 

1 . Set up the modem configuration. 

2. Set the parallel data mode bit (PDM). 

3. Set the HDLC mode bit. 

RAM Access 1 (using ADD1 ) remains available while RAM 
Access 2 (using ADD2) is unusable in the parallel data 
mode. HDLC transmission cannot be performed using the 
serial interface. 

The format of the data input to the R96EFX is In groups of 
eight bit bytes. As in the parallel data mode, the least sig- 
nificant bit of the byte is transmitted first. 




MONOFAX IS a registered trademark of Rockwell International 




Figure 2. CRC Polynominal inplementation 

5-31 



Application Note 



R96EFX HDLC and Programmable Interrupt Features 



TRANSMISSION AND RECEPTION RATE 

The HDLC as implemented in the R96EFX runs under the 
following transmitter and receiver modes: 

V.29, 9600 bps 
V.29, 7200 bps 
V.29, 4800 bps 
V.27, 4800 bps 
V.27, 2400 bps 
V.21,300bps 

In addition to the above configurations, the programmable 
interrupt runs under the following transmitter and receiver 
configurations: 

Group 2 

Tone Detect 

Dual Tone Transmitter 

Note: In the high speed modes, any data patterns referred 
to in this application note are transmitted scrambled and 
received descrambled. 



TRANSMITTER AND RECEIVER INITIALIZATION 

The HDLC transmitter and receiver is initialized differently 
than o ther m odes upon power-up, reconfiguration, or turn- 
ing on RTS input or RTSP bit. Table 1 shows the states of 
the interface memory bits for HDLC initialization. 



Table 1. Transmitter and Receiver Initialization 



Transmitter 



ABIDL = 
BA2 = 
CRC = 
EOF = 
FLAG = 
ZEROC = 



(Note 2) 

1 

(Note 1,2) 

(Note 2) 



(Note 2) 



Receiver 



ABIDL= (Note 2) 

BA2 Not Initialized 
CRC= (Note 2) 

EOF = (Note 2) 

FU\G= 

ZEROC = (Note 2. 3) 



Notes: 

1 . Not applicable in the transmitter. 

2. Zeroed only upon power-up; unchanged elsewhere. 

3. Not applicable in the receiver. 



RECEIVING LINK STATION 



BEGIN 



END 



TRANSMITTING LINK STATION 



FLAG 



FLAG 



MESSAGE POLYNOMIAL 



\ 



ZERO DELETE 



PREMULTIPLY BY x^e 



FCS REGISTER 



GENERATING POLYNOMIAL 
PRESET TO ALL IS 



1111000010111000 



ZERO DELETE 



CONTENTS OF SHIFT REGISTER 
AT END OF FRAME. 

SHIFT REGISTER CONTAINS ABOVE VALUE 
AT END OF FRAME IF TRANSMISSION IS 
ERROR FREE. 



(1) TRANSMIT FLAGS (4) 



(2) TRANSMIT MESSAGE 



(3) TRANSMIT FCS 



FLAG 



FLAG 



ZERO INSERT 



I 



/ 



MESSAGE POLYNOMIAL 



PREMULTIPLY BY x^e 



*- FCS REGISTER 



GENERATING POLYNOMIAL 
PRESET TO ALL 1S 



d 



ZERO INSERT 



INVERT 

i 



FCS 



WHEN ENTIRE FRAME TRANSMITTED, FCS 
REGISTER CONTAINS REMAINDER OF 



MESSAGE POLYNOMIAL 



GENERATION POLYNOMIAL 
THE QUOTIENT IS DISCARDED. 



Figure 3. IHDLC Process 
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Transmitter Mode Control 

1 . Upon setting RTSP, the host should initialize EOF, ABIDL, ZEROC, and OVRUN to the desired values. 

2. BA2 is forced high 0.7 \xs before RX(0D:7) goes low. 

3. The host can send multiple flags by either waiting to load data into DBUFF or by doing a diagnostics write to RAM (see "Flag 
Transmission and Reception" Section). The host can then load the first byte when RX goes low for the first frame or after 
setting EOF for subsequent frames. 

4. Load the first byte of the next frame after setting EOF. 

5. The host sets and resets ABIDL here. 

6. A transmit underrun occurs here. The modem sets ABIDL. The host must reset ABIDL. 



a. Transmitter 



© 
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Receiver Notes 

1 . EOF, ABIDL, and OVRUN should be a known value before the data appears on RD. 

2. The host resets ABIDL in the middle of receiving an abort/idle sequence. 

3. A receive overrun condition has occurred. 

4. J1 , J2 are junk (invalid) data. 

5. CRC sets and EOF sets in response to the junk data between flags. 

6. ABIDL remains high due to the incoming scrambled 1 's turnoff sequence for high speed modes. 

b. Receiver 



Figure 4. HDLC Signal Timing Diagrams 
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FLAG TRANSMiSSION AND RECEPTION 

The R96EFX transmitter sends at least one flag as the 
opening flag of the first frame. As long as the user does not 
load the 8-blt transmit data register, DBUFF (register 10), 
with data, the modem sends continuous flags with no zero- 
sharing (i.e., 01 1 1 1 1 1 001 1 11 ...). This facilitates transmis- 
sion of the preamble as specified in T.30. Thus, the 
transmitter defaults to transmitting time-fill and, therefore, 
keeps the receiving link station active. 

To assist the user in transmitting more than one flag be- 
tween frames or at the end of the final frame, a counter can 
be accessed through modem diagnostics. This counter is 
decremented directly In the signal processor's RAM. This 
means that the number written will only last for one group 
of flags. For example, FSK should have at least two begin- 
ning flags for the first frame and at least two ending flags 
for the final frame. However, frames between these two re- 
quire only one flag. This is why the counter is decremented 
directly and one flag is transmitted as a default. Diagnos- 
tics should be setup as shown below: 

ADD1= 85 

BR1= 

CR1= 1 

WRT1 = 1 

The value to write Into YDAM1 and YDAL1 should be 1 
less than the number of flags desired. This value can be 
written anytime after the RX bit returns to zero and before 
FLAG is set by the modem. 

Using the FSK example above, assume three flags are to 
be transmitted at the beginning of the first frame and at the 
end of the final frame. 

1 . Turn on RTS. 

2. Wait until the RX bit is reset by the modem. 

3. Disable diagnostics 1 (reset ACC1). 

4. Setup diagnostics 1 as above, write 00 into 
YDAM1 , and write 02 into YDAL1 . 

5. Enable diagnostics 1 (set ACC1). 

6. Wait until BA1 Is set before resetting WRT1 . 

7. For the ending flag of the final frame, immediately 
after loading in the final byte of data or after set- 
ting EOF, again setup diagnostics 1 as above, 
write 00 Into YDAM1 , and write 02 into YDAL1 . 

Another method exists for sending extra flags. The host 
must simply do nothing since flags are transmitted as the 
default condition. In other words, after the final zero in a 
flag is transmitted, the modem looks to see if the host has 
loaded new data into DBUFF (BA2 is reset). If no new data 
is loaded before this time, another flag is sent. Therefore, 
if more than one flag is desired, the host must wait N-1 
multiples of eight bit times after FLAG is set by the modem 



to load new data into DBUFF, where N is the number of 
flags. The host then has seven bit times in which to load 
new data and thus prevent another flag from being sent. 
For example, if three flags are desired between frames, 
the host must wait at least 1 6 bit times and not more than 
23 bit times after FLAG is set by the modem. 

As the default condition, the R96EFX receiver continually 
searches for the flag data pattern. When one or more flags 
are detected, the interface memory status bit FLAG (09:0) 
is set. The flags themselves are not presented to the host 
through the DBUFF register. Therefore, as soon as a flag 
is observed, the modem examines the next byte of 
received data. If it is a flag, an abort/idle sequence, or a 
FCS, it is not given to the user. Instead, the appropriate 
status bits are set or reset. 

The R96EFX also has the capability to detect consecutive 
flags with zero-sharing. 

INFORMATION FIELD TRANSMISSION AND 
RECEPTION 

For information field transmission, the host should wait for 
CTSP (0F:1) to transition high. The host must then load the 
data into DBUFF and then wait for the data available bit 
BA2 (1 E:3) to be set by the modem before loading in the 
next byte of data. If the next byte is not loaded into DBUFF 
within the next eight bit times, the modem will set OVRUN 
(09:7), indicating an underrun condition has occurred. To 
tell the modem that the host wants to end the frame, the 
host must set EOF as soon as the modem has taken the 
last byte of the frame (BA2 sets). When the modem recog- 
nizes EOF being high, the modem will reset EOF and will 
transmit the FCS and closing flag. Once the host sets 
EOF, the host may load in the first byte of data of the next 
frame into DBUFF. If the host wants to end transmission, 
the host must wait for EOF to return low before turning off 
RTS or RTSP. 

In the receiver, only the information field data between 
flags is passed to the user through the DBUFF register by 
the use of the handshaking bit BA2. The user must wait for 
BA2 to be set by the modem and then take the data. If the 
host does not read the data within eight bit times, OVRUN 
will set indicating an overrun condition, and the data in 
DBUFF will be oven^/ritten by the next byte. 

Furthermore, no flags, abort/idle sequence, or FCSs are 
given to the user via the DBUFF register. Since these 
fields are not presented to the user, there is at least a 16- 
bit time delay in the reception of data when receiving these 
fields. This allows the FCS and ending flag, continuous 
flags, or the abort/idle sequence to be flushed out of the 
internal buffers. 
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PCS AND ENDING FLAG TRANSMISSION AND 
RECEPTION 

The host ends a frame by loading in his last byte of data 
into DBUFF, waiting until the modem has taken it (BA2 
sets), and then setting EOF. After setting EOF, the host 
may load In the first byte of data of the next frame into 
DBUFF. When the modem recognizes that the host wants 
to end the frame, the modem will reset EOF. To terminate 
data transmission, the host may turnoff RTS or RTSP 
when the modem resets EOF. After resetting EOF, the 
modem will automatically transmit the 16-bit FOB and at 
least one flag that signifies the end of the current frame 
and, If another frame follows, the beginning of the next 
frame. 

Upon the receipt of an ending flag in the current frame 
(which may also be the beginning flag of the next frame), 
the modem examines the data in the FOB register and 
compares it to the remainder. If the FOB register 
remainder is correct, ORG (09:1) is reset. Conversely, if 
the remainder is incorrect, the CRC bit is set. This is the 
only time CRC is updated (except upon power-up). Follow- 
ing this determination, the modem sets EOF. Thus, once 
the modem sets EOF, the host can examine CRC to deter- 
mine whether or not an erred frame was received. It is left 
to the host to reset the EOF bit. If the user does not reset 
EOF before the end of the next frame, the host will not get 
any indication that the following frame has ended. 

ABORT/IDLE SEQUENCE TRANSMISSION AND 
RECEPTION 

An abort/idle sequence can be sent by the host setting the 
bit ABIDL (09:3) in the interface memory. This stops any 
normal frame transmission, as well as continuous flag 
transmission, and sends continuous ones. After the setting 
of ABIDL is detected, the modem first completes the trans- 
mission of the current byte of data. Immediately after this 
transmission, the modem sends eight consecutive ones. 
After these eight bit times, if ABIDL is still set, eight ones 
are sent again. To discontinue this sequence, ABIDL must 
be reset. Then, if no new data is loaded into DBUFF, con- 
tinuous flags are sent. If new data is loaded into DBUFF 
(BA2 is reset), the modem sends a beginning flag and then 
the data in DBUFF. The modem will also recognize the set- 
ting of ABIDL while transmitting the FOB, thereby allowing 
the receiver to recognize that the transmitted frame should 
be discarded. 

The R96EFX also has the ability to send continuous zeros. 
To accomplish this, ABIDL and ZEROC (09:4) must be set. 
The modem completes the transmission of the current 
byte and then sends eight consecutive zeros. After this 
time, if ABIDL remains set, eight zeros are sent again. To 
discontinue this sequence, ABIDL must be reset or, if con- 
tinuous ones are desired, ZEROC only must be reset. 
However, if no new data is loaded in DBUFF and ABIDL is 
reset, continuous flags are sent regardless of the state of 
ZEROC. Then, if new data is loaded into DBUFF (BA2 is 



reset), the modem sends a beginning flag and then the 
data in DBUFF. 

The R96EFX in HDLC mode not only continually searches 
for flags, but also continually searches for an abort/Idle se- 
quence. When the receive modem encounters this data 
pattern. It sets the abort/idle receive bit ABIDL. It is left up 
to the host to reset this bit. However, receiver processing 
will continue unaffected by the state of this bit. 

The reception of data immediately following the abort/idle 
sequence is treated as invalid and is not presented to the 
user. Therefore, to re-establish transmitter and receiver 
synchronization, the receiver must see at least one flag. At 
least one flag and three bytes of data must be received fol- 
lowing the abort sequence before any data is given to the 
host. 

UNDERRUN AND OVERRUN CONDITIONS 

A bit in the interface memory OVRUN (09:7) is used to in- 
dicate to the host processor that a transmit underrun con- 
dition has occurred. If the host does not load in a new byte 
of data within eight bit times, OVRUN and ABIDL will be 
set by the modem and the modem will automatically send 
a minimum of eight continuous ones. This abort sequence 
will continue until the host resets ABIDL. After the host 
resets ABIDL, the modem will finish sending the current 
byte of ones and will then send a flag. At the end of send- 
ing a flag, If BA2 is reset, the modem will interpret the data 
in DBUFF as being the first byte of the next frame. After 
uploading this data for the first byte of the frame, the 
modem will reset OVRUN. The modem will always reset 
OVRUN every time It sets BA2, except upon transmitter 
HDLC initialization. 

In the receiver, the OVRUN bit will inform the host that an 
overrun condition occurred. The overrun condition takes 
place when the receiver fails to take the byte of data in 
DBUFF within eight bit times. The modem will thus over- 
write the data in DBUFF and, if the host has not taken the 
data (BA2 is not reset), the modem will set OVRUN. To 
detect further overrun occurrences, the host must reset 
this bit. 

TRANSMIT MODE CONTROL 

After power-up, reconfiguration, or turnin g RTB Input or 
RTBP bit on, the host must wait for CTB output or CTBP 
bit to turn on before starting frame transmission. 

There are two ways In which the user can signal the 
modem to exit current HDLC execution. The first way is by 
setting the SETUP bit which tells the modem that a new 
confi guration is desired. The second way is by turning off 
RTB input or by resetting the RTBP bit in the interface 
memory. In both cases, the following events will occur: 

1. If exiting after making sure the modem took the 
data in DBUFF and then setting EOF, the 

modem sends the last byte of data followed by 
the 1 6-bit FOB sequence and a closing flag. The 
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modem th en eit her goes through the turn-off se- 
quence (if RTS output or RTSP bit is turned ofl), 
or sets up the new configuration (if SETUP is set). 

2. if exiting during the transmission of an abort 
sequence, the modem finishes sending the last 
byte of the abort sequence, then either goes 
through the turn-off routine or sets up to a new 
configuration. 

INTERRUPT PROCESSING 

Since the R96EFX will be used in an interrupt driven sys- 
tem, a very flexible scratch pad interrupt feature is 
provided. This feature enables the user to select an inter- 
rupt to occur on any combination of bits within an interface 
memory register. 

interrupt Bits 

The programmable interrupt routine runs at the sample 
rate in all transmitter and receiver modes (9600 Hz). The 
programmable interrupt request bit, PIREQ (1F:3), is set 
by the modem whenever the interrupt condition is true. If 
the programmable interrupt enable bit, PIE (1F:4), is set, 
the modem sets the programmable interrupt active bit PIA 
(1 F:7). The IRQ output pin then goes low when the PIA bit 
is set. The host must reset PIREQ after servicing the inter- 
rupt. 

An interrupt may occur only within a single interface 
memory register based upon any combination of bits. For 
example, the host may select register 08 and generate an 
interrupt whenever bits 08:5, 08:6, and 08:7 are set, but 
may not select 08:5 and 09:2 to generate an interrupt. The 
register is selected by specifying the interrupt address 
ITADRS (0A:4 to 0A:0) as shown in Table 2. 

The interrupt bit mask register ITBMSK (08) selects the 
bits to be tested in the interface memory register specified 
by ITADRS. For example, if ITBMSK is equal to FF, all the 
bits are selected; if ITBMSK is equal to OF, the four least 
significant bits are selected. 

Operating l\/lodes 

There are two operating modes with each mode having 
four options. The user may choose to OR the selected bits, 
or to AND the selected bits. Whenever any of the selected 
bits are set, the OR mode is true, else it is false. The AND 
mode is true whenever all the selected bits are set, and 
false otherwise. When bit ANDOR (0A:5) is set, the AND 
mode is chosen; when it is reset, the OR mode is chosen. 
The user has the option to be continuously interrupted 
whenever the mode is true (DC triggered), to be inter- 
rupted only when the mode transitions from true to false 
(negative edge triggered), to be interrupted only when the 
mode transitions from false to true (positive edge trig- 
gered) , or to be interrupted when the mode transitions from 
either false to true or true to false (edge triggered). The 
host selects one of the options by specifying the TRIG bits 
(0A:7 and 0A:6) as shown in Table 3. 



Tabie 2. 


Interrupt Register Addresses 


Host 

Register 

(Hex) 


Host 
ITADRS Register 
(Hex) (Hex) 


ITADRS 
(Hex) 


00 


00 10 


08 


01 


10 11 


18 


02 


01 12 


09 


03 


11 13 


19 


04 


02 14 


OA 


05 


12 15 


1A 


06 


03 16 


OB 


07 


13 17 


IB 


08 


04 18 


OC 


09 


14 19 


1C 


OA 


05 1A 


OD 


08 


15 IB 


ID 


OC 


06 1C 


OE 


OD 


16 ID 


IE 


OE 


07 IE 


OF 


OF 


17 IF 


IF 


Table 3. interrupt Options 


TRIG 


Description 


00 


DC Level Triggered 


01 


Positive Edge Triggered 


10 


Negative Edge Triggered 


11 


Positive or Negative Edge Triggered 



AN EXAMPLE IIVIPLEMENTATION 

Refer to R96EFX data sheet (Order No. MD49) for a 
description of the bits associated with the HDLC and 
Programmable Interrupt functions. 

Transmitter Example 

1 . Set the modem configuration to the desired speed 
for transmitting, enable HDLC, parallel data 
mode, and RTSP. 

2. Wait until CTSP goes low and returns to a high 
level. 

3. Place the first byte of data Into DBUFF. The 
modem transmits a flag followed by this byte of 
data. 

4. As soon as BA2 is set, load In the next byte of 
data. This must occur within eight bit times of BA2 
being set. 

5. After all information but the last byte is given to the 
modem, load in the last byte of data in the frame 
as in step 4. 

6. To end the frame, the host must load in the last 
byte of data into DBUFF, wait for BA2 to be set, 
and then set EOF. 

7. Repeat steps 3 through 6 for all frames to be trans- 
mitted. 
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8. When the last byte of the final frame is ioaded into 
register DBUFF, wait for BA2 to return high. Then 
set EOF and wait for EOF to return low before 
resetting RTSP. The modem transmits the last 
byte followed by the 16-bit FCS and at least one 
closing flag, depending upon if diagnostics was 
used to write into the flag counter RAM location 
as mentioned previously. The modem then goes 
through its normal turn-off routine. 

Receiver Example 

The steps to perform a typical HDLC reception are: 

1 . Set the modem configuration to the desired speed 
for receiving, enable HDLC, and parallel data 
mode. 

2. Perform a dummy read of DBUFF to reset BA2. 



3. Wait until the modem has properly configured. 

4. Monitor, through interrupts, the EOF, ABIDL, and 
BA2 bits in the interface memory. 

5. Wait for an interrupt. If it is caused by BA2 being 
set, read the data in DBUFF. This indicates that 
the first byte of the first frame is ready for host 
reading. If the interrupt is caused by EOF being 
set, check CRC to determine if the current frame 
is in error and reset EOF. If the interrupt is caused 
by ABIDL, the modem is receiving the abort/idle 
sequence. The current frame that was aborted is 
invalid. The R96EFX does not set the CRC bit or 
the EOF bit in this case since no FCS checking is 
done. 

6. Continue waiting for interrupts and take appropriate 
action when the interrupts are received. 
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There are software parameters located in the R144HD 
modem digital signal processor (DSP) that can be ac- 
cessed and altered by the host computer. These 
parameters, also referred to as diagnostic data, are acces- 
sible via the microprocessor bus. This application note 
describes information about the DSP parameters In the fol- 
lowing catagories: 

1 . Diagnostic data accessing and scaling 

2. DTMF dialing using the dual tone generation 
configuration 

3. Tone detector filter tuning 

4. Recommended receive sequence for Group 2 

5. Filter characteristics 

Refer to the R1 44HD Data Sheet (Order No. MD33) for ad- 
ditional modem information. 

DIAGNOSTIC DATA ACCESSING AND 
SCALING 

DSP RAM DATA ACCESS 

The modem contains 256 words of accessible random ac- 
cess memory (RAM). Each word is 32-bits wide. Because 
the modem Is optimized for performing complex arith- 
metic, the RAM words are frequently used for storing com- 
plex numbers. Therefore, each word is organized into a 
16-bit real part and a 16-bit imaginary part. Each part can 
be accessed independently. The portion of the word that 
normally holds the real value is referred to as XRAM. The 
portion that normally holds the imaginary value is referred 
to as VRAM. The contents of XRAM and VRAM may be 
read or written by the host processor via the microproces- 
sor interface. 

The DSP interface memory acts as an Intermediary during 
these host to DSP RAM data exchanges. The RAM ad- 
dress to be read from or written to is determined by the 
contents of register 0:F (RAM ACCESS S) or 1 :F (RAM 
ACCESS B). 

DSP RAM is accessed at internal locations specified by 
DSP RAM addresses (called access codes) written to 
DSP interface memory registers 0:F and 1:F. The DSP 
RAM parameters and their corresponding access codes 
are listed in Table 1 . 



When the host reads or writes register 1:0 or 0:0, the 
modem resets the modem data available bit ,0:E:0 or 1 :E:0 
(MDAi), to a zero. When the modem reads or writes 
register 0, the modem sets the MDAi bit to a one. If an In- 
terrupt Enable bit, 0:E:2 or 1 :E:2 (lEi), is set to a one by the 
host and the corresponding MDAi bit is set, the IRQ output 
is asserted and the associated Interrupt Active bit, 1 :E:7 or 
0:E:7 (lAi), is set to a one by the modem. 

The default access codes are 28 for 1 :F and 00 for 0:F, 
which allow the received point eye pattern to be presented 
serially on EYEX and EYEY, respectively. 

READING FROM DSP RAM 

When bit 0:5:5 (RAMWS) or bit 1 :D:0 (RAMWB) is reset to 
a zero, data is transferred from DSP RAM onto the 
microprocessor bus through the DSP interface memory. 
Each word transferred from DSP RAM to the interface 
memory is 32 bits long. The 32 bits are written into inter- 
face memory registers 0:3, 0:2, 0:1 and 0:0, or 1 :3, 1 :2, 1 :1 
and 1 :0, in that order. Registers 3 and 2 contain the most 
and least significant bytes of XRAM data, respectively, 
while registers 1 and contain the most and least sig- 
nificant bytes of YRAM data, respectively. 

WRITING TO DSP RAM 

When set to a one, bit 0:5:5 (RAMWS) or bit 1:D:0 
(RAMWB) causes the modem to transfer data from inter- 
face memory to RAM in chip or in chip 1, respectively. 
When writing into the RAM, only 16 bits are transferred, 
not 32 bits as for a read operation. The 16 bits written in 
XRAM or YRAM come from registers 1 and 0, with register 
1 being the most significant byte. Selection of XRAM or 
YRAM for the destination is by means of the code stored 
in the RAM Access B bits of register 1 :F for chip 1 , or by 
means of 0:5:4 (RAE) for chip 0. When bit 1 :F:7 or 0:5:4 is 
set to a one, the XRAM is selected. When bit 1 :F:7 or 0:5:4 
equals zero, YRAM is selected. 

NOTE: When writing to registers 1 and 0, the host must 
first write to register 1 , then to register 0. 
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Writing to Register resets MDAi to a and starts the write 
cycle, which ends by MDAi returning to a 1. The RAM 
Write Bit must remain set until the end of the cycle. A flow- 
chart showing the RAM Write procedure for Chip is 
shown In Figure 1 . The RAM Write procedure for Chip 1 is 
similar. 



Note: To assure con'ect operation, the maximum allowable 
time from MDAi (i = or 1) = 1 to writing data into RAM is 
80 microseconds. 

DIAGNOSTIC DATA SCALING 

Table 2 describes the scaling of the modem diagnostic 
data. 



Table 1. R144HD Modem Access Codes 



Ref. 










Read 


No. 


Function 


Access 


RAE 


Chip 


Reg. No. 


1 


Received Signal Samples 


40 


X 





2,3 


2 


Demodulator Output 


52 


X 





0,1, 2,3 


3 


Low Pass Filter Output 


54 


X 





0,1, 2,3 


4 


Average Power 


50 


X 





2,3 


5 


AGC Gain Word 


3E 


X 





2.3 


6 


Tone 1 Frequency 


71 


1 





2,3 


7 


Tone 1 Power Level 


72 


1 





2,3 


8 


Tone 2 Frequency 


71 








0,1 


9 


Tone 2 Power Level 


72 








0.1 


10 


Output Level 


7F 








0.1 


11 


Checksum, Chip 


3F 


X 





0.1 


12 


Checksum, Chip 1 


7F 






0.1 


13 


Equalizer Input 


40 






0,1, 2,3 


14 


Equalizer Tap Coefficients 


02-27 






0,1, 2,3 


15 


Unrotated Equalizer Output 


74 






0.1. 2.3 


16 


Rotated Equalizer Output (Received Point-Eye 


Pattern) 28 






0,1, 2.3 


17 


Decision Points (Ideal) 


68 






0,1. 2,3 


18 


Error Vector 


69 






0.1. 2.3 


19 


Rotation Angle 


00 






0.1 


20 


Frequency Correction 


AE 






2.3 


21 


Eye Equality Monitor (EQM) 


B1 






2,3 


22 


G2 Baseband Signal 


08 






2.3 


23 


G2 AGC Gain Word 


AD 






2.3 


24 


G2 AGC Slew Rate 


AA 






2,3 


25 


G2 PLL Frequency Correction 


02 






2,3 


26 


G2PLL Slew Rate 


EF 






2.3 


27 


G2 Black/White Threshold 


6A 






0.1 


28 


G2 Phase Umit 


F1 






2.3 


RAE = X is don't care since this location should only be read from.and not written to, by the host. 
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f START j 



STORE REl,EVANT ACCES<5 CODE 
IN RAM ACCESS S (0:F:0-7) 
OF INTERFACE MEMORY 



SET RAE = 1 OR 
AS APPROPRIATE 



READ LOCATION 
TO RESET MDAO 




1 -* RAMWS (0:5:5) 



1 



DATA (MSB) — RAM DATA YSM (0:1:0-7) 
DATA (LSB) -* RAM DATA YSL (0:0:0-7) 



CHANGE RAM ACCESS S (0:F:0-7) 




-* RAMWS (0:5:5) 


1 


r 


( " 


» ) 



Figure 1. RAM Data Write Routine for DSP Chip 
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Table 2. Diagnostic Data Scaling 



No. 1 - Received Signal Samples = A/D Sample Word 

Format: 1 6 bits, signed, twos complement 

Equation: Vint (Volts)= [(A/D Sample Word)i6/40i e] x (3/256) 

Vext = Vint + LOGio""* [AGC Gain (dB)/20] 



Vext 
CHANNEL 



lA DEVICE 



SIGNAL 
PROCESSOR 



AGC WORD 



No. 2, 3, 13, 15, 16, and 17 -Ail Baseband Signal Nodes 

Format: 32 bits, complex, twos complement 

Ideal Baseband Signal Points 





Configuration 


V.29/9600 


V.29/7200 


V.29/4800&V.27/2400 


V.27/4800 




X y 


X y 


X y 


X y 


Point 


(Hex) (Hex) 


(Hex) (Hex) 


(Hex) (Hex) 


(Hex) (Hex) 


1 


0000 2800 


0000 2400 


0000 1C00 


0000 1C00 


2 


2800 0000 


2400 0000 


1C00 0000 


1400 1400 


3 


0000 D800 


0000 DCOO 


0000 E400 


1C00 0000 


4 


D800 0000 


DCOO 0000 


E400 0000 


1400 ECOO 


5 


0000 1800 


OGOO OCOO 




0000 E400 


6 


1800 1800 


OCOO F400 




ECOO ECOO 


7 


1800 0000 


F400 F400 




E400 0000 


8 


1800 E800 


F400 OCOO 




ECOO 1400 


9 


0000 E800 








10 


E800 E800 








11 


E800 0000 








12 


E800 1800 








13 


0800 0800 








14 


0800 F800 








15 


F800 F800 








16 


F800 0800 








NOTE: V.33 14400, V.33 12000, TCM9600, and TCM7200 constellations are not included. 



6 



© 



© 



© 



© 



© 















d) 



© 







-0* ^<i)- 



9 



6 







-O- -0- 



t 



-0K 



9 







v.29/9600 BPS 



V.29/7200 BPS 



V.29/4800 BPS and 
V.27/2400 BPS 



V.27/4800 BPS 
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No. 4 - Average Power 

Format: 1 6 bits, unsigned 

Equation: Post-AGC Average Power (dBm) = 10 Log [(Average Power Word)i6/0889i6] 

Pre-AGC Average Power (dBm) = Post-AGC Average Power -AGO Gain 
Typical value: 0889i6 (corresponding to dBm'; 



NcS-AGCGaln 

Format: 1 6~bits, unsigned 

Equation: AGO Gain (dB) = 50 - [(AGO Gain Word)i6/0040i6 x 0.098] 

Range: OFCOie to 7FFFi6 for - 43 dBm Threshold 



No. 6 and 8 - Tone 1 and Tone 2 Frequency 

Format: 16 bits, unsigned 

Equation: N = 6.8267 x (Frequency in Hz) 

Convert N to hexadecimal then store in RAM. 



No. 7 and 9 - Tone 1 and Tone 2 Power Level 

Calculate the power of each tone independently. The total power transmitted in tone configuration is the 
result of both tone 1 power and tone 2 power. 

Format: 16 bits, unsigned 

Equation: Output Number = 1 5033 [1 (P°/20)-| 

Where: Po = output power in dBm with series 600 ohm resistor into a 600 ohm load. 

Convert Output Number to hexadecimal and store in RAM. 



No. 10 - Output Level 

Format: 1 6-bits, unsigned 

Equation: Output Number = 36765 [1 0^^°^°^] 

Where: Po = output power in dBm with series 600 ohm resistor into a 600 ohm load. 
Convert Output Number to hexadecimal and store in RAM. 



No. 11 and 12- Checksum 

ROM checksum number determined by revision level. 

Format: 1 6-bits, unsigned 

Example: Chip B541 0-1 7: Checksum = 69CF 

Chip 1 B541 1 -1 6: Checksum = 9FF9 
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Table 2. Diagnostic Data Scaling (Cont'd) 



No. 14 - Equalizer Taps 

No. 14 is a set of RAM locations containing adaptive equalizer tap coefficients. 

The equalizer tap access codes can be useful for restoring modem operation after loss of equalization 
without requesting a training sequence from the transmitter. Since the equalizer tap coefficients are complex 
numbers they require two write operations per tap, one for the real part and one for the Imaginary part. When 
writing or reading the tap coefficients, follow the table below. 

Registers 1:1 and 1:0 hold the most and least significant bytes, respectively, of the 16 bits during a write 
operation. 



Format: 



32 bits, complex, twos complement 







Read 


Write Access Codes 


Configuration 


Number of Equalizer Taps 


Access Codes 


X Access Y Access 


V.33 


38 


02-27 


82-A7 02-27 


V.29 


38 


02-27 


82-A7 02-27 


V.27 


16 


02-11 


82-91 02-11 



No. 18 -Error Vector 

Represents the difference between the received point (P2) and the nearest ideal point (PI). 
Format: 32 bits, complex, twos complement 

Error Vector Maximum Values 



Configuration 


Bit Rate 
(bps) 


Real Error 

Registers 3 and 2 

(Hex) 


Imaginary Error 

Registersi and 

(Hex) 


Magnitude 

V(Re2 + lm2) 

(Hex) 


V.29 
V.29 
V.29 
V.27 


9600 
7200 
4800 
4800 


<0C00 
<2400 
<1C00 
<1C00 


<0C00 
<2400 
<1C00 
<1C00 


<0E66 
<2400 
<1C00 
<1C00 


Note: Due to the trellis 


coding in V.33, 


error vectors are not 


applicable in V.33 configurations. 






P2 = X2 + lYa 

P2 - Pi = (X2 - xi) + i(y2 - yi) 

= REAL ERROR + IMAGINARY ERROR 



BOUNDARY 
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Table 2. Diagnostic Data Scaling (Cont'd) 



No. 19 - Rotation Angle 

Represents instantaneous correction for phase and frequency errors. 
Format: 16-bits, twos complement 

Equation: Rotation Angle (degrees) = [(Rot. Angle Word) i s/l OOOO1 e] x 1 80 



No. 20 - Frequency Correction 

Represents component of rotation angle caused by frequency error. 
Format: 16 bits, twos complement 

Equation: Freq. Correction (Hz) = [(Freq. Correction Word)i6/10000i6] x Baud in Hz 

Range: FCOOie to 0400i6 representing ±37.5 Hz 



No. 21 - Eye Quality Monitor (EQM) 

EQM equals the filtered squared magnitude of the error vector for V.29 and V.27 and is related to the path 
length for V.33. Proportionality to bit erro r rate is determined by particular application. EQM stabilizes in ap- 
proximately 700 baud times from RLSD going active for V.29 and V.27, and approximately 1200 baud times 
for V.33. 



Format: 



16 bits, unsigned 





EQM MAGNITUDE 




/IDEAL POINT 
EYE PATTERN DISPERSION 

I 



B - 
A 



UJ 

£0 6 



(/) 



5 

O H- 
UJ C/) 

o 
2 



EQM VS SNR 

UNCONDITIONED 3002 LINE 
-20DBM SIGNAL LEVEL 
3 KHZ FLAT WEIGHTING 



Relationship of EQM to Eye Pattern 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 

Typical Eye-Quality Versus Slgnal-to^Noise 
Ratio for V.29/9600 



No. 22 - Group 2 Baseband Signal 

Format: 16 bits, unsigned 

Range: OOOOi e to O6OO1 e represents black 

IOOO16 to 210O16 represents white 



No. 23 - Group 2 AGC Gain 

Format: 16-bits, unsigned 

Equation: AGC Gain Word = 50 - [(AGC Gain Word)i6/40i6 x 0.098] 
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Table 2. Diagnostic Data Scaling (Cont'd) 



< 7000 

Node 24 - Group 2 AGC Slew Rate « 

Can be adjusted by the host. ^ 6ooo 
Range: 0000i6to7FFFi6 § sooo 

c 4000 

c 3000 

1 

5 2000 

« 1000 

X 


«ST 










\ 


1 


















\ 


1 
















\ 


















\ 


\ 
















\ 


\ 
















.,. ^ 


^- 




















::::i- 












01 .1 1 10 100 
Seconds to Stabilize AGC for -55 DBM to DBM Step 




No. 25 - Group 2 PLL Frequency Correction 

Format: 1 6 bits, twos complement 

Range: FCBAi e to 0346i e representing ±1 40 Hz 

Equation: Frequency correction (Hz) = Frequency correction number x (0.1 67) 


No. 26 - Group 2 PLL Slew Rate 

Represents gain of first order term in phase locked loop. Directly proportional to PLL slew rate 
Range: 001 Oi a to 7000i a for stable operation 


No. 27 " Group 2 Black/White Threshold & 


i r 






Format: 1 6 bits, unsigned 5 


> 

1 








** a 

u 

Default value: 7800i6 ^^ 


i' 












Graph Notes: ^ t 
1 . 1 00 white pixels sent followed by 4 black g S 












J 










pixels sent. a c 

2. Results obtained at dBm, no compromise | ^ 

equalizers in back-to-back connection. | g 


! 2 
















77776666 
8620FCA8 
00000000 
00000000 
THRESHOLD VALUE (HEXADECIMAL) 




No. 28 - Group 2 Phase Limit 

When phase error exceeds this limit, PLL updating is suspended. Once phasing is acquired, the limits may 
be narrowed to improve immunity to phase hits. 

Format: 1 6 bits, twos complement 

Default value: 5000i a representing ±27.34° 

Equation: Phase Limit = 360' x (21 00/1 0368) x [7FFF - (Phase Limit)ia]/7FFF 
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DTMF DIALING 

The R1 44HD includes tunable oscillators that can be used 
to perform dual-tone multi-frequency (DTMF) dialing. The 
frequency and amplitude of each oscillator output is under 
host control. A programmable tone detector can also be 
used in call establishment to recognize an answer tone. 

This section describes the method of oscillator and filter 
tuning by the host processor and provides an example of 
an autodialer routine that may be programmed in the host. 

DTMF REQUIREMENTS 

EIA Standard RS-496, paragraph 4.3.2, specifies require- 
ments that ensure proper DTMF signaling through the 
public switched telephone network (PSTN). These tones 
consist of two sinusoidal signals, one from a high group of 
three frequencies and one from a low group of four fre- 
quencies, that represent each of the standard pushbutton 
telephone characters shown in Table 3. 

Signal power is defined for the combined tones as well as 
for the individual tones. Both maximum and minimum 





Tables. DTMF Signals 


Low 
Frequency 


High Frequency 


1209 Hz 1336 Hz 1447 Hz 


697 Hz 


1 2 3 


770 Hz 


4 5 6 


852 Hz 


7 8 9 


941 Hz 


* # 



power requirements are functions of loop current. By com- 
bining the various requirements of RS-496, compromise 
power levels can be determined that meet the power 
specification for ail U.S. lines (when driving the PSTN from 
a 600 ohm resistive source). The high frequency tone 
should be at a higher power level than the low frequency 
tone by approximately 2 dB. The maximum combined 
power, averaged over the pulse duration, should not ex- 
ceed +1 dBm. The minimum steady state power of the high 
frequency tone should not be less than -8 dBm. When 
connecting the modem circuit to the PSTN by means of a 
data access arrangement (DAA) set for permissive mode, 
the DAA gain is -9 dB. The modem circuit must, therefore, 
drive the DAA input with +1 dBm of steady state high fre- 
quency power and -1 dBm of steady state low frequency 
power in order to meet all of the listed conditions. 

The required duration of the DTMF pulse is 50 ms mini- 
mum. By experience, a pulse duration of approximately 95 
ms is more reliable. The required Interval between DTMF 
pulses is 45 ms minimum and 3 seconds maximum. Again, 
by experience, an interdigit delay of approximately 70 ms 
is preferred. 



The remaining requirements of RS-496, relative to DTMF 
dialing, are not influenced by the host processor. These re- 
quirements are all met by the modem's oscillators. 

SETTING OSCILLATOR PARAMETERS 

The oscillator frequency and output power are set by the 
host computer in DSP RAM using the microprocessor bus 
and diagnostic data routine. 

When setting the frequency of tone 1 , the host must write 
a 16-bit hexadecimal number into RAM using RAM access 
code 71 with bit RAE = 1 . When setting the frequency of 
tone 2, a 16-blt hexadecimal number must be written into 
RAM using RAM access code 71 with bit RAE = 0. The 
power levels of tone 1 and tone 2 are set by writing 1 6-bit 
hexadecimal numbers into RAM using RAM access code 
72 with bit RAE = 1 , and with RAE = 0, respectively. The 
hexadecimal numbers written into these RAM locations 
are scaled as shown for nodes 6 through 9 in Table 2. 

These decimal numbers must be converted to 
hexadecimal form then stored in RAM by following the 
RAM data write routine illustrated by Figure 1. Hex 3FFF 
is the maximum value of power level number without har- 
monic distortion. 

Hexadecimal numbers for DTMF generation are listed in 
Table 4. Power levels are selected to give the desired out- 
put power for each tone (0 dBm for the high frequency tone 
and -2 dBm for the low frequency tone) while compensat- 
ing for modem filter characteristics. 

DETECTING ANSWER TONE 

Frequency detector bit FR1 (1 :B:5) can be used to detect 
a 2100 Hz answer tone when connection to the remote 
modem is successful. Bit FR1 goes active (one) when 
energy above the turn-on threshold is present at 2100 Hz 
±25 Hz. At the end of the answer tone, FR1 returns to zero 
and data transmission can begin. 

COMPLETE CALLING SEQUENCE 

A complete calling sequence consists of several steps in- 
cluding modem configuration, telephone number selec- 
tion, DTMF transmission, and answer tone detection. A 
sample flow chart for implementing an auto-dialer in host 
software is illustrated in Figure 2. 

The auto-dialer routine may be entered at one of two 
points; either AUTO DIAL or REDIAL. When entering at 
AUTO DIAL, the host prompts the user to enter a phone 
number, which is then stored in the phone number buffer. 
When entering at REDIAL, the routine dials the number 

previously stored in the phone number buffer and does not 
issue a user prompt. 
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Table 4. DTMF Parameters 



Digit 


RAM Access S 


RAE 


Value (Hex) 




71 




1918 




71 





23A0 





72 




2D46 




72 





3900 




71 




1296 




71 





203D 


1 


72 




2D46 




72 





3900 




71 




1296 




71 





23A0 


2 


72 




2D46 




72 





3900 




71 




1296 




71 





2763 


3 


72 




2D46 




72 





3900 




71 




1488 




71 





203D 


4 


72 




2D46 




72 





3900 




71 




1488 




71 





23A0 


5 


72 




2D46 




72 





3900 




71 




1488 




71 





2763 


6 


72 




2D46 




72 





3900 




71 




16B8 




71 





203D 


7 


72 




2D46 




72 





3900 




71 




16B8 




71 





23A0 


8 


72 




2D46 




72 





3900 




71 




16B8 




71 





2763 


9 


72 




2D46 




72 




3900 




71 




1918 




71 




203D 


* 


72 




2D46 




72 




3900 




71 




1918 




71 




2763 


# 


72 




2D46 




72 





3900 



Interrupts not required during dialing are disabled to 
prevent errors in real time delays. Interrupt status is saved 
to allow restoring these interrupts when dialing is com- 
plete. The current modem configuration is saved prior to 
selecting the DTMF Transmit configuration, then restored 
at the completion of the auto-dialer routine to allow data 
transfer. 

The commands for off-hook and request coupler cut 
through are typical of signals required by data access ar- 
rangements that may be connected to the modem for 
switched network operation. 

Since the number to be dialed varies in length depending 
on the requirements of various PBX equipment, domestic 
telephone companies, and foreign PTTs, the number buff- 
er must allow for numbers of different length. The method 
used in Figure 2 to determine the end of valid bytes in the 
buffer is zero recognition. After the last digit is entered, the 
carriage return must place a hexadecimal 00 (ASCII NUL 
character) in the buffer. All other bytes must be non-NUL 
ASCII characters. Only numeric characters (ASCII 30 
through 39) are printed and dialed. Non-numeric charac- 
ters are tested for comma and NUL. Comma causes a 2- 
second pause in dialing to allow for known delays in the 
telephone network or PBX. NUL ends the dialing portion of 
the routine and begins the answer tone detection portion. 
All other characters are ignored. 

The answer tone detection logic allows 30 seconds for 
2100 Hz recognition. If answer tone is not recognized 
within this time limit, the call is aborted. If answer tone is 
recognized, the routine jumps to the data handling 
software. 
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PRINT "NO COUPLER CUT THROUGH" 
AND SET DAA TO ON-HOOK 



( ^" ) 



( AUTO DIAL j 



REQUEST PHONE NUMBER 

FROM INPUT DEVICE 

AND LOAD NUMBER BUFFER 



GO TO REDIAL ROUTINE 



( REDIAL j 



SAVE INTERRUPT STATUS 
AND DISABLE INTERRUPTS 



SAVE MODEM'S CURRENT CONFIGURATION 
AND SELECT DTMF TRANSMIT CONFIGURATION 



SET DATA ACCESS ARRANGEMENT 
(DAA) TO OFF-HOOK 



REQUEST COUPLER CUT 
THROUGH FROM DAA 




START 3 SECOND TIMER 




^COUPLER^ 
N ^^ CUT THROUGH 

^ACKNOWLEDGED. 



PRINT "DIALING" 
f DIAL j 



Figure 2. Autodialer Flow Chart 
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( DIAL j 



READ NEXT BYTE 
FROM NUMBER BUFFER 




PRINT BYTE 



SELECT ONE SET OF FOUR 
COEFFICIENTS FROM TABLE 2 
BASED ON VALUE OF BYTE 



STORE FOUR COEFFICIENTS 
IN RAM USING RAM WRITE 
ROUTINE OF FIGURE 1 



1-RTS (1:5:7) 



DELAY FOR 

95 MILLISECONDS 



O^RTS (1:5:7) 



DELAY FOR 70 MILLISECONDS 




DELAY 2 SECONDS 




ANS.DET 



Figure 2. Autodialer Flow Chart (Cont'd) 
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( ANS. DET j 




1 




SELECT FSK 
CONFIGURATION 




* 




PRINT "WAITING 
FOR ANSWER" 




* 




START 30 SECOND 
TIMER 






1 — -' — Q TIME OUT ^ 












... JL>^1 Mr 






^\^/ 




* 




Y 




PRINT "NO ANSWER" 
AND SET DAA TO ON HOOK 




i 


' 




( - ^ 


PRINT "ON LINE" 






^ y 


» 












RESTORE MODEM 
CONFIGURATION 








( 


' 






RESTORE INTERRUPT 
STATUS 












/^ GO TO DATA ^ 
( SEND/RECEIVE ) 
V ROUTINE y 













Figure 2. Autodialer Flow Chart (Cont'd) 
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ADDED FEATURES 

The application of modem tone generation and detection 
to DTMF dialing and answer tone recognition can be ex- 
tended to include additional features. 

Call Progress Monitoring 

The tone detector can monitor call progress for dial tone, 
busy signal or ringback tone. The detector filter must be 
retuned to detect different frequencies used in call 
progress signaling. Table 5 lists tones for various lines in 
the Bell network. These call progress signals vary accord- 
ing to the telephone networks of each country. 



Single Tone Generation 

In OEM equipment that combines the features of a modem 
with those of a telephone handset, the tone generators 
may be used to generate a caller reassurance tone (or 
even music) while the caller is kept on hold. To generate 
a single tone, set one of the oscillators to zero frequency 
or zero amplitude while the other oscillator is keyed on by 
the RTS bit. This technique is also applicable for generat- 
ing a 21 00 Hz answer tone when the modem is used to 
automatically answer a call. The parameters for 2100 Hz 
answer tone generation are listed in Table 6. 



Table 6. 2100 Hz Answer Tone Parameters 



Frequency 


RAM Access S 


RAE 


Value 


2100 Hz 


71 


1 


3800 




71 





0000 




72 


1 


3456 




72 





0000 



Table 5. Call Progress Signals 



Tone 


Frequency (Hz)* 


Interruption Rates 


Use 


Precision Dial Tone 


350 
+ 440 


Continuous 


Dialing may commence 


Old Dial Tones 


600 

+ 120or 133, and 

other combinations 


Continuous 


Dialing may commence 


Precision Busy 


480 
+ 620 


0.5 Sec. On 
5 Sec. Off 


Called line busy 


Old Busy 


600 
+ 120 


0.5 Sec. On 
0.5 Sec. Off 


Called line busy 


Precision Reorder 


480 T 
+ 620 




0.3 Sec. On \ Local 
0.2 Sec. Off J Reorder 
2 Sec. On \ Toll 
0.3 Sec Off J Reorder 
25 Sec On \ Toll 
25 Sec Off J Local 


All local switching paths 
busy, all trunks busy, all 
paths or trunks busy 


Old Reorder 


600 
+ 120 J 


Precision Audible 
Ringing 


440 
+ 480 


2 Sec. On 
4 Sec. Off 


To calling customer 


Old Audible 
Ringing 


420 
+ 40, and other 
combinations 


2 Sec. On 
4 Sec. Off 


To calling customer 


Call Waiting 


440 


0.3 Sec. On 


Call waiting service; an 
incoming call is waiting 


Precision Receiver 
Off-Hook (ROH) 


1400 
+ 2060 
+ 2450 
+ 2600 


On and Off 5 Times 
per Sec 


To cause off-hook 
customers to go 
on-hook 


Precision High Tone 


480 


Continuous 


To cause off-hook 
customers to go 
on-hook 


Old High Tone 


480, 400 or 540 


Recorder 
Connector Tone 


1400 


On 5 Sec Every 15 
Seconds 


To indicate call is being 
recorded by distant 
customer 


*A " + " sign indicates either superposition (precision tones) or modulation (old tones). I 
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TONE DETECTOR FILTER TUNING 

The R144HD modem includes three independent tone 
detectors (F1, F2, and F3). These tone detectors are 
operational when the modem is configured for V.21 FSK, 
and are centered, upon power-up, to 2100 Hz (F1), 
1100 Hz (F2), and 462 Hz (F3). This section presents a 
method of tuning these detectors to any desired frequen- 
cy in the 400 Hz - 3 kHz band. 

NOTE: F1 , F2 and F3 should not be used as dual 

tone detectors (i.e., during call progress tone 
detection). Detecting one of the two tones is 
the preferred method for call progress 
monitoring. 

COMPUTATION OF TONE DETECTOR 
COEFFICIENTS 

Each tone detector consists of two second-order filters in 
cascade, an energy averaging filter and a threshold com- 
parator. A diagram of a tone detector is shown in Figure 3. 

Filter 1 has a transfer function: 
2a 
Hi(Z) 



H3(Z) = 



-1 



(Eq.3) 



1 - p"z-' 

The output of the energy averager is fed to a threshold 
comparator which sets or resets the appropriate bit in In- 
terface memory (FR1 , FR2, or FR3) if the energy output is 
equal to or greater than 1/8, or less than 1/8, respectively. 

Filters 1 and 2 have a typical frequency response as 
shown in Figure 4. When cascaded, they form a bandpass 
filter with a narrow bandwidth as shown in Figure 5. 

Given the transfer functions Hi (Z) and H2(Z), an analytical 
method is required to compute their coefficients for any 
desired frequency in the 300 Hz - 3 kHz band. First, con- 
sider Hi (Z). This transfer function can be rewritten as: 
2aZ2 

"^®= Z^-2piZ-2p. 

which has a conjugate pair of poles; 



(Eq.4) 



and 



Pi=Pi+iV(pi^ + 2p2) 
P2 = pi-|V(Pi2 + 2p2) 



1-2piZ*"^-2p2Z"2 



(Eq. 1) 



Filter 2 has a transfer function: 
2a' 

"'^>= 1-2p'iZ-^-2p'2Z-2 

The energy averaging filter has a transfer function 
a" 



(Eq.2) 



These poles lie on a circle of radius 0.994030884 on the 
Z-plane. The radius of the tone detector circle was chosen 
so that each filter has a high Q without being unstable (i.e., 
poles must lie inside the unit circle for stability). Figure 4 
shows a Z-plane pole-zero diagram for an arbitrary con- 
jugate pole pair on the tone detector circle. The angle = 
360* X fo/fs, where /o is the desired center frequency and 
/s is the sampling rate (fs = 9600 Hz). The following equa- 
tions are derived from the angle and magnitude of the posi- 




I «"(7) 

~^®-KD — 

I " r(8) 



^0-g- 



t-* OUTPUT 

TO THRESHOLD 

COMPARATOR 

Fn = 1 IF OUTPUT ^1/8 

Fn = IF OUTPUT < 1/8 



1ST BI-QUAD FILTER | 2ND BI-QUAD FILTER 

NOTE: NUMBERS IN ( ) REFER TO NODE NUMBERS IN TABLE 7. 



ENERGY AVERAGING 



Figure 3. R144HD Tone Detector Diagram 
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tion vector pointing to a pole pair located at the desired 
angle: 

cos"^ Oi/r) = e = 360- X fo/fs (Eq. 5) 

v^[Pl^ + (-Pl^ - 2P2)]= r = 0.994030884 (Eq. 6) 

solving for pi and pa: 

Pi = r cos (360- X /o//s) (Eq. 7) 

p2=--r2/2 (Eq.8) 

in deriving these equations, only Hi(Z) was considered. 
However, the tone detector consists of two identical filters 
in cascade. Referring to Figure 5, shifting filter 1 and filter 
2 above and below the desired center frequency, a 
response with the desired bandwidth is achieved. Further- 
more, since a controls the amplitude response, one may 
set a = a' to uniformly raise or lower the overall cascade 
response. 

From Equation 8, we see that: 

P2 = P'2 = - r^/2 = -0.494048699 
Rewriting Equation 7 In terms of the offsets /a and /'a we 
obtain: 

pi = r cos [360- (f o - /a)//s] (Eq. 9) 

P'l = r cos [360- (f o + /'a)//s] (Eq. 1 0) 

The frequency offset is approximately 72% of B/2 (half the 
bandwidth): 

/A « 0.72 (B/2) (Eq. 11) 

The value of /a should be equal to /'a. However, /a may 
be chosen 1% smaller than /'a to compensate for the fact 
that the overall cascade response is not prefectly sym- 
metrical (see Figure 7). 



The values for the coefficients a and a' that set | H(f o) | = 
dB in equations 1 and 2 were measured and plotted ver- 
sus center frequency /o as shown in Figure 8. Three equa- 
tions corresponding to three linear approximations result: 

,_ (104/319)/o- 78.62 
" - " " 32767 

400s/O:s1100Hz (Eq. 12a) 

,_ (44/275)/o+104 
^ = ^ - 32767 

1100 :s/o^ 1650 Hz 



(4/45)/o + 221 

32767 

1650^/0^3000 Hz 



(Eq. 12b) 



(Eq. 12c) 



ENERGY AVERAGING FILTER 



The coefficients of the energy averaging filter are deter- 
mined by a Z-domain approximation to an RC circuit of 
transfer function H(S) = 1/1 + St: 
1 
a" = 



1 + 9600r 

1 

(1 + 1/96001) 



(Eq.13) 

(Eq.14) 

Upon power-up, a" and p" are set for t = 0.1 seconds. Un- 
less different tone detector response times are required, 
these coefficients need not be changed. 

FILTER COEFFICIENTS 

Table 6 contains the computed values of the filter coeffi- 
cients, including those of default frequencies 462 Hz, 
1 1 00 Hz, and 21 00 Hz. The value 32767 (Hex 7FFF) is full 
scale in the SP's machine units (i.e., 32767 = unity). Coef- 
ficients may range from -1 to +1 (FFFFto 7FFF In machine 
units). 

NOTE: Default coefficents are loaded into the DSP RAM 
each time the modem enters into Tone Detection mode 
(V.21 FSK Receiving mode). The procedure to load new 
coefficients after entering Tone Detection mode Is: 




1 . Wait for the SETUP bit to be reset. 

2. Wait a minimum of 1 ms. 

3. Write new coefficients into DSP RAM. 

The host should set the SETUP bit when changing from 
FSK transmitting mode to Tone Detection mode, as well 
as when reconfiguring the modem. 
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J I \ III 1 



J I L 



500 1000 



2000 
FREQUENCY (Hz) 



3000 3500 



Figure 4. Typical Single Fiiter Response 
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Figure 5. Typical Cascade Filter Response 
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UNIT CIRCLE r = 1 
\ 



90^ 



TONE DETECTOR 
CIRCLE r =0.994030884 



180° -1| 



4800 Hz 



Im Z 



2400 Hz 
J1 



CONJUGATE POLE PAIR 
S 




1 360° 



9600 Hz 



Re Z 



Figure 6. Z-Plane Pole-Zero Diagram 
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Figure 7. Bandwidth and Offset Frequencies 
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Figure 8. Aiptia versus Center Frequency 
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Table 6. Calculated Coefficient Values 



Frequency Detected 


Coefficient Name 


Coefficient Value 


Hex 


Decimal 


21 00 Hz ±25 Hz 
/a«18Hz 


a = a' 
P2 = p'2 


0198 
1A4A 
175A 
0005 


408/32767 

6730/32767 

5978/32767 

-16187/32767 


1850 Hz ±24 Hz 
/A -18 Hz 


a =:a' 
P'1 

P2 = P'2 


0180 
2E37 
2B69 
0004 


384/32767 

11831/32767 

11113/32767 

-16188/32767 


11 00 Hz ±30 Hz 
/A « 19 Hz 


a = a' 

P2 = P'2 


01 F3 
60B2 
5E90 
0004 


280/32767 

24754/32767 

24220/32767 

-16188/32767 


462 Hz ±14 Hz 
/A « 10 Hz 


a = a' 

P2 = P'2 


0048 
79F3 
7974 
0083 


72/32767 

31219/32767 

31092/32767 

-16253/32767 



Table 7. 


RAM Access Codes for Filter Coefficients 


Node 
No. (n) 


RAM Access Code (Hex) 


Name 


F1 


F2 


F3 


1 


a 


2E 


34 


3A 


2 


Pi 


2F 


35 


38 


3 


P2 


30 


36 


30 


4 


a' 


2B 


31 


37 


5 


P'1 


20 


32 


38 


6 


P'2 


2D 


33 


39 


7 


a" 


87 


89 


88 


8 


P" 


88 


8A 


80 


NOTE: Nodes 1-6 are read from registers 1:1 and 

1 :0. Nodes 7 and 8 are read from 1 :2 and 1 :3. 
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RECOMMENDED RECEIVE SEQUENCE 
FOR GROUP 2 FACSIMILE 

The R1 44HD includes a transmit and receive configuration 
that is compatible with the transmission scheme of 
Group 2 facsimile equipment. In order to achieve the best 
results with Group 2 reception, the following procedure is 
recommended. The step numbers are keyed to points in 
Figure 9. 











GC 
2100 Hz 


LCS 
1100 Hz 


PHASING 


CFR 
TX TONE 


MESSAGE 






lit III 
12 3 4 5 6 





Figure 9. Group 2 Facsimile Sequence 
METHOD 

1 . Enter Group 2 configuration and wait 5 milliseconds to 
complete initialization. Then: 

a. Write hex 0038 using access code C2. This action 
sets the Group 2 phase-locked-loop (PLL) for a 
frequency correction of 9 Hz, causing the phase 
term to drift rapidly to overcome any tendency to 
slow phase recovery. 

b. Write hex 4000 using access code FO, and hex 
7FFF using access code 70. This action allows 
the Group 2 PLL to accept the greatest number of 
samples for carrier recovery during phasing. 

c. Write hex 2000 using access code AA. This action 
sets the AGC slew rate for very fast acquisition. 

d. Set control bit G2FGC (1 :G:0) to a one to select 
fast AGC state. 

2. After phasing is detected, wait approximately 2 
seconds for the AGC circuit to settle. Then: 

a. Write hex 0000 using access code AA. This action 
stops AGC tracking in order to preserve the 
present AGC setting. 

b. Reset control bit G2FGC (1 :C:0) to a zero to select 
slow AGC state. This action changes the Group 2 
PLL characteristics to match reduced AGC 
response. 

c. Read and save the 1 6-bit value from registers 1 :3 
and 1 :2 using access code C2. This value repre- 
sents the frequency error term from the Group 2 
PLL. 



d. Verify that phasing signal is still being received. 
This action guarantees that AGC value was 
frozen during phasing signal. 

e. If step d above determines that phasing signal is 
present, allow transmission of CFR. If phasing 
signal is not present, suppress CFR. 

3. Exit Group 2 configuration. 

4. At completion of CFR transmission, re-enter Group 2 
configuration and wait 5 milliseconds to complete in- 
itialization. Then: 

a. Repeat step 1 .b. 

b. Repeat step 2. a. 

c. Add hex 0038 to the value saved in step 2.c above 
and write the sum using access code C2. This ac- 
tion forces a 9 Hz error as in step 1 .a. 

5. Walt for start of Group 2 message transmission. Then: 

a. Write hex 0400 using access code AA. This action 
restores the AGC slew rate to the default value. 

b. After 2 lines, write the value saved in step 2.c 
using access code C2. This action removes the 9 
Hz forced frequency error without waiting for the 
phase-locked-loop to complete the correction. 
This step is optional as the correction will even- 
tually be completed, but, depending on the per- 
centage of white in the document being sent, the 
correction may take from 4 to 6 lines (100 ms of 
white required). 

6. After approximately 6 to 1 seconds of message 
reception, perform either step a or step b below: 

a. Write hex 61 00 using access code FO, and hex 
0600 using access code 70. This action places 
narrow limits on the received signal used for car- 
rier recovery during message reception and 
reduces the chance of errors caused by repeated 
patterns in the message. 

b. Synchronize the modem's Group 2 PLL to the fac- 
simile machine's blanking signal as follows: 

(1) Freeze the phase-locked-loop during data by: 

(a) Writing hex 7FFF using access code FO. 

(b) Writing hex 0000 using access code 70. 
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(2) Enable the phase-locked-loop during the 
white margins by: 

(a) Writing hex 4000 using access code FO. 

(b) Writing hex 7FFF using access code 70. 

(c) The sequence of writing in step 6.b is 
important and must be performed as 
described. Option 6.b requires more 
action by the host processor, but It 
eliminates the possibility of data patterns 
affecting carrier recovery. 

PARAMETER SCALING 

1 . Access code 02 represents frequency error, i.e., the 
deviation of received carrier from 21 00 Hz. 

LSB = 0.167 Hz; Range = ± 140 Hz. 

2. Access code EF represents the Group 2 PLL slew 
rate for the first order term. The number is directly 
proportional to slew rate. The range of stable operat- 
ing values is 0010 to 7000 in hexadecimal. 

3. Access code AA represents the AGO slew rate. 

Range = 0000 to 7FFF in hexadecimal. 
Scaling: See Figure 9. 

4. Access codes FO and 70 represent limits on accept- 
able zero crossing for use by the carrier recovery 
loop. The carrier recovery loop uses several non- 
linear controls in attempting to lock the zero crossing 
of the local can-ier to those of the transmitter. Since 
Group 2 facsimile uses VSB transmission, it is neces- 
sary to either reconstruct the upper sideband or ex- 
clude those zero crossings that represent 
frequencies other than 2100 Hz. The modem ex- 
cludes unwanted zero crossings by testing the effec- 
tive slope of the waveform as it crosses zero. In 
Figure 10, points A and B represent samples taken 
about a zero crossing over a sample period T, where 
T = 1/10,368 seconds. 

The magnitude of [| A| + | B |] is directly proportional to 
the slope of line segment AB and is, therefore, an in- 
dicator of frequency. If H represents the value stored at 
FO and L represents the value at 70, then 1 - [|A| + 
|B|]+ H+ L must be greater than positive full scale 
or the frequency is excluded for being too high. 

The average value for 1 - [| A| + | B |] with an all white 
transmission and back-to-back connection is hex 19A1 
± 0543. 




Figure 10. Samples of Zero Crossing 

5. Access code F1 allows host control of the limits 
placed on phase error correction. When the phase 
error exceeds the limit set by F1 , PLL updating is 
suspended. The default value of 5000 corresponds 
to a limit of ± 67.5 degrees. A zero in F1 causes the 
PLL to update for any phase error. By resetting F1 to 
a zero, it may be unnecessary to force a frequency 
offset in the receive sequence. 

For systems using step 6. a in the receive sequence, 
reception of messages containing a large amount of 
black may be improved by setting F1 to zero. F1 scal- 
ing is: 

Phase limit = 360*> x (21 00/1 0368) x 

[7FFF - (Phase Limit) 16]/7FFF 

Once phasing is acquired, the limits may be narrowed 
to improve immunity to phase hits, etc. 

BLACi</WHiTE THRESHOLD 

The modem receives a Group 2 baseband signal that con- 
tains density (gray scale) information in the amplitude 
modulation. In order for this information to be used on a 
Group 3 facsimile machine, the modem converts the gray 
scale to black/white baseband form. The threshold at 
which the black/white decision is made determine the den- 
sity of the received page. 

Access code 6A represents the Group 2 black/white 
threshold. This location defaults to hex 7800 at POR time. 
The number may be increased or decreased by the host 
to achieve a page weighted more toward white or toward 
black, respectively. 
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FILTER CHARACTERISTICS 

The modem includes an integrated analog device which 
uses switched capacitor filters to perform the functions of 
receiver input bandpass filtering, transmitter output low- 
pass filtering, and compromise equalization. 

COMPROMISE EQUALIZATION DISABLED 

The following tables illustrate the response of the receiver 
input bandpass and transmitter output low pass filters 
without compromise equalization. 

A. Receiver Input Bandpass Filter 



B. Transmitter Output Lowpass Filter 



Parameter 


Value 


Test signal range 


dBm to -AS dBm 


Passband 


400 Hz -3000 Hz 


Passband ripple 


0.5 dB max. 


Loss below 60 Hz 


40 dB min. 


Loss above 6000 Hz 


40 dB min. 


Passband gain 


0.0 dB ±1.0 


Delay distortion 




400 Hz -1800 Hz 


Less than lOOO^s 


Delay distortion 




1800 Hz -3000 Hz 


Less than 1 50 [xs 



Parameter 


Value 


Test signal range 


dBm to -16 dBm 


Passband 


400 Hz- 3000 Hz 


Passband gain 


-1 dB ±1 dB 


Passband ripple 


0.5 dB max. 


Loss at 3600 Hz 


5.5 dB min. 


Loss at 7800 Hz 


32 dB min. 


Loss at 11400 Hz 


33.5 dB min. 


Loss at 12000 Hz 


41 dB min. 


Loss above 17400 Hz 


45 dB min. 


Delay distortion 




400 Hz -3000 Hz 


Less than 300 ^is 
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COMPROMISE EQUALIZER ENABLED 

The following tables illustrate the change in filter response 
caused by enabling each of the compromise equalizers in- 
dependently. 

A. Receiver 

1 . Link Amplitude Equalizer (RLE, J3L) 



B. Transmitter 

1. Link Amplitude Equalizer (TLE, J3L) 



Frequency 
(Hz) 


Gain dB Relative to 1700 Hz 


US Long Japanese 3 Link 


1000 


-0.27 -0.13 


1400 


-0.16 -0.08 


2000 


+0.33 +0.16 


2400 


+1.54 +0.73 


2800 


+5.98 +2.61 


3000 


+8.65 +3.43 



Frequency 
(Hz) 


Gain dB Relative to 1700 Hz 


US Long Japanese 3 Link 


1000 


-0.27 -0.13 


1400 


-0.16 -0.08 


2000 


+ 0.33 +0.16 


2400 


+ 1.54 +0.73 


2800 


+ 5.98 +2.61 


3000 


+ 8.65 +3.43 



2. CableAmplitude(CABS2, CABS1) 
a. C0DE1 



2. Cable Amplitude (CABS2, CABS1) 
a. C0DE1 



Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+0.15 
+1.43 


b. CODE 2 


Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-2.39 
-0.65 
+0.87 
+3.06 


C. CODES 


Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-3.93 
-1.22 
+1.90 
+4.58 



Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-0.99 
-0.20 
+0.15 
+1.43 


b. CODE 2 


Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-2.39 
-0.65 
+0.87 
+3.06 


C. CODES 


Frequency (Hz) 


Gain dB Relative to 1700 Hz 


700 
1500 
2000 
3000 


-3.93 
-1.22 
+1.90 
+4.58 
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R8040 T-1 Tri-Port Memory 6-3 

R8050 T-1 Serial Transmitter 6-9 

R8060 T-1 Serial Receiver 6-17 

R8069 Line Interface Unit (LIU) 6-23 

R8069A Enhanced T-1/PCM-30 Line Interface Unit (LIU) 6-46 

R8070 T-1/CEPT PCM Transceiver 6-47 

R8070A T-1/CEPT PCM Transceiver 6-93 

R8071 ISDN/DMI Link Layer Controller 6-94 

R8075 CRC-4 Encoder/Decoder 6-144 

RT9170 Intelligent T-1 Controller 6-162 

R6551 Asynchronous Communications Interface Adapter (ACIA) 6-165 

R65C51 Asynchronous Communications Interface Adapter (ACIA) 6-185 

R65C52 Dual Asynchronous Communications Interface Adapter (DACIA) 6-206 

R68C552 Dual Asynchronous Communications Interface Adapter (DACIA) 6-225 

R68560 Multi-Protocol Communications Controller (MPCC) 6-244 

R68802 Local Network Controller (LNET) 6-277 
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OVERVIEW 

The Tri-Port Memory circuit is designed to function as an 
assembly point and temporary storage area for 8-bit T-1 data. 
It provides 64 8-bit locations of on-chip random access memory 
which can be accessed via external addresses or internal 
sequential addressing. 

FEATURES 

• 64 X 8 bit static memory 

• Single +5V supply 

• Two totally independent read ports 

• Multiple Read access time < 430 ns (worst case) 

• Selectable random- or sequential-address Write operation 

• On-chip sequential address counter 

• Tri-state drivers, for chip-selectable bus operation 

• 40-pin plastic dual in-line package 

• LSTTL Schottky-compatible (12KQ pullup, to drive CMOS) 



APPLICATIONS 

Time-Division Multiplex (TDM) digital switching data and con- 
trol stores 

• TDM sequential machines 

• Elastic stores 

• Hardware/Software control interfaces 

• I/O Buffers 

TRI-PORT MEMORY OPERATION 

The Tri-Port Memory device accepts 8-bit parallel input data on 
lines A through H. This data is stored in an internal memory loca- 
tion that is selected by either random address lines R01 through 
R32 or by the device's Sequential Address Counter. Write Select 
signal WSEL determines the source of the address; in the logic 
state, WSEL selects the random address, in the logic 1 state, 
WSEL selects the internal sequential address. 

The state of Write Enable signal WE determines whether or not 
the data on lines A through H will be written into memory. Data 
will only be written into memory when WE goes low (to a logic 
state) and the address inputs have stabilized. 

The on-chip, six-bit Sequential Address Counter is a binary 
counter that increments on each positive transition of Sequen- 
tial Clock (SCLK). When the Counter attains binary 11 11 11 , the 









R04 IZZ 


1 ■ 40 


ZZ] R02 


R08 J— 


2 39 


ZU R01 


R16 C= 


3 38 


ZZ RST 


R32 [= 


4 37 


ZZ SCLK 


WSEL 1= 


5 36 


=D N.C. 


WE 1= 


6 35 


ZZ3 VDD 


RH nz 


7 34 


ZZi N.C* 


RG 1= 


8 33 


ZZ! SH 


GND dZ 


9 32 


ZZI SG 


RF C= 


10 31 


ZZ) SF 


RE nz 


11 30 


ZZ) SE 


RD IZZ 


12 29 


ZZI SD 


RC HZ 


13 28 


ZZ SC 


RB [= 


14 27 


ZZ SB 


RA en 


15 26 


ZZ SA 


RRE [= 


16 25 


ZZ SRE 


A nz 


17 24 


ZZ B 


C d 


18 23 


ZZ D 


E [= 


19 22 


ZZ F 


G 1= 


20 21 


ZZ H 


•NOTE: PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE 


ONLY TO ROCKWELL TESTING, MAKE NO CONNECTION 


TO THIS PIN. 



Pin Configuration 

next positive transition on SCLK will clear it to binary 000000. 
The Counter will also be cleared unconditionally if Reset signal 
RST has been set to logic when the positive transition of SCLK 
occurs. 

The Sequential Read Enable si gnal, SRE, enables sequentially- 
addressed read operations. If SRE is logic 0, the sequential 
accessed data outputs (SA through SH) will becom e valid within 
430 ns after the next positive transition on SCLK. If SRE is logic 
1 , and 350 ns have elapsed since the positive transition of SCLK, 
the sequential accessed data outpu ts will become valid 80 ns 
after the negative transition of SRE. The sequential read data 
will cease to be valid 1 00 ns after the negative transition of SRE 
or 20 ns after the next positive transition of SCLK, becoming 
valid with the content of the next sequential location within 
430 ns of that SCLK transition. 

The Random Read Enable si gnal, RRE, enables random- 
accessed read operations. If RRE is logic 0, the random 
accessed data outputs (RA through RH) will become valid within 
380 ns after the random address lines have stabilized. If RRE 
is logic 1 , and 300 ns have elapsed since the random address 
lines have stabilized, the random accessed data outputs will 
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become valid 80 ns after the negative transition of RRE. The 
random accessed data outpu ts will cease to be valid 1 00 ns after 
a positive transition of RRE or 20 ns after the random address 
input lines change, becoming valid with the contents of the 
newly-addressed location within 380 ns after the random address 
Inputs have stabilized. 



In the case of a same location read/write cycle, the sequential 
and/or random data outputs will cease to be valid after a negative 
transition of WE, and will become valid with the newly-written 
contents within 340 ns of that transition. Control of this parameter 
minimizes external circuitry required for resolution of read-write 
contention. 



RECOMMENDED OPERATING CONDITIONS 



Minimum Setup/Hold Times 



Signal 


Setup 


Hold 


Measure to 


ns 


Measure to 


ns 


SCLK f 

WSEL 

R01-R32 

A-H 

RST 


WE I 
WE 1 
WE i 
WE t 
SCLK 1 


300 
280 
250 
150 
180 


WE t 
WE t 
WE t 
WE f 
SCLK 1 





100 




Minimum Pulse Widths 



Signal 


Minimum Pulse Width 


WE( = 0) 
SCLK 


170 ns 
220 ns 





RESET 
(RST) 


-m 


m- 


-*- SETUP > 180 NS-*^ 






-•- HOLD > 


SEQUENTIAL V 
CLOCK > 
(SCLK) 


\ 


} 



Sequential Counter Reset Setup and Hold Timing 





wl \ 


/ 






DATA .^_ OLD DATA 
OUTPUTS 


WY YYY NEW DATA -^^ 


AAA AAA NEW DATA -^^ 


NOTE: RANDOM WRITE ALWAYS AFFECTS RANDOM READ OUTPUTS; SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL 
READ OUTPUTS. EITHER WRITE WILL AFFECT THE OPPOSITE READ OUTPUT, IF. AND ONLY IF, THE RANDOM 
ADDRESS AND SEQUENTIAL ADDRESS ARE EQUAL. 



Read Outputs at Same Location as Write (All Other Inputs Stable) 
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SCLK 
(IF WSEL 



="2ZZ 



WIDTH > 220 NS 



M 



\~- 



WIDTH > 220 NS 



1//////////// 



SETUP > 300 NS 



Hk 



HOLD > 



WRITE 
SELECT - 
(WSEL) 



R01-R32 

(IF WSEL = 0) 



--YW 1 ivYv' -- - 


AAA 1 'AAA 


— SETUP > 280 NS *^ -«- -^ HOLD > 


XXX 1 iXXX- 


-• SETUP > 250 NS »-| -*► -^ HOLD > 



WRITE DATE 
(A-H) 



M 



WE 



L SETUP _^ 
' > 150 NS 

\ / 



M 



HOLD 
> 100 NS 



^ WIDTH 

' > 170 NS" 



Write Setup and Hold Timing 



RANDOM — 
ADDRESS 
(R01-R32) — 

RANDOM — 
OUTPUT DATA 
(RA-RH) — 










X 






X 








20 NS __J L_ 
MIN. HOLD ~\ {^ 




\ 1 rlA; ooU No MAX. 




m- 




--XXX 


XXX- 











Random Read (RRE = 0, WE = 1) 



SEQUENTIAL 

CLOCK 

(SCLK) 

SEQUENTIAL ' 
OUTPUT DATA 
(SA-SH) 



\\\— — \\\ 



(TSA)430NSMAX.- 



20 NS 
MIN. HOLD 



XXX -XXX 






Sequential Read (SRE = 0, WE = 1) 











READ ENABLE 
(RRE OR SRE) 

DATA OUTPUT 


\ 
\ 

80 NS MAX. -*- (TPE) 


-*- 


/ 

-»H (TPD) 


-*— 100 NS MAX. 
Hl-Z 


"'■^ /////// 


/ 


wwwww 


(RA-RH OR SA-SH) 


\\\\\\\ 


\ 


;////////; 











Read Port Enable/Disable (Address Stable, WE = 1) 
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Propagation Delays 



Parameter 


Symbol 


Min 


Max 


Unit 


Random Read Access Time 


tRA 





380 


ns 


Sequential Read Access Time 


tsA 





430 


ns 


Read Port Disable (to Hl-Z) 


tpD 





100 


ns 


Read Port Enable 


tpE 





80 


ns 


Same-Location Read After Write 


tsL 





340 


ns 



A -WRITE OATA- 



R32 RANDOM ADDRESS INPUTS 



"0" = RANDOM 



10F64 

READ 

RANDOM 

ADDRESS 

DECODER 



WRITE 

ADDRESS 

SELECTOR 



SEQUENTIAL 
ADDRESS COUNTER 



> CLK 



1 OF 64 
WRITE 
ADDRESS 
DECODER 



z> 



1 OF 64 

READ 

SEQUENTIAL 

ADDRESS 

DECODER 



IW 

^ 



-fiS- 



^ 

-<=^ 

-« 



H=^ 



^ 



Tri-Port Memory Block Diagram 



6-6 



R8040 



T-1 Tri-Port Memory 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


+ 4.75 to +5.25 


V 


Operating Temperature 


Top 


Oto +70 


°c 


Storage Temperature 


TSTG 


-55 to +150 


«c 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = +5V ±5%, Vss = OV Ta = 25*'C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Input Logic "1" Voltage 


V,H 


2.0 




V 


Input Logic "0" Voltage 


V,L 




0.8 


V 


Input Logic "1" Voltage 


Vol 


2.4 




V 


Output Logic "0" Voltage 


Vol 




0.4 


V 


Output Source Current 


«0H 


-100 




A*A 


Output Sink Current 


«0L 


400 




vA 


Input Capacitance 


c, 




5 


PF 


Output Capacitance 


Co 




25 


PF 


Power Dissipation (at ES^C) 


Pdss 




300 


mW 
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PACKAGE DIMENSIONS 



_(\{\f\(\(\f\(\[\{\f\{\{\f\(\of\f\{\r\(\ 



y PIN NO. 1 

INDENT. 

uuuuuuuuuuuuuuuuuuuu 

2.02 MAX 



.550 
.530 



(51.3 MM) 



■160 
.140 



mi 



140 I , 610 I 



.023 
.015 



.110 
.090 



t ^060_ \^ 




.150 .020 

.125 



NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION 
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DESCRIPTION 

The Rockwell T-1 Serial Transmitter formats data to be 
serially transmitted according to T-1 D2 or T-1 D3 specifi- 
cations, inserting framing and signalling bits along with 24 
channels of 8-bit channel data. The T-1 Serial Transmitter 
also provides for alarm reporting via the Bit 2 inhibit method 
or, with minimal external logic, via the multiframe alignment 
signal (Fs) modification method. 

Figure 1 is a functional block diagram of the T-1 Serial Trans- 
mitter. The Mod 1 93 counter is driven by the clock at 1 .544 
MHz and is either synchronized to the driving system by input 
signal SYNCIN or provides synchronization via output signal 
SYNOUT. Input signal FRSYNC applies synchronization to 
a Mod 12 counter, which identifies the frame of the 1 2-frame 
multiframe being processed. 

The input data register latches data during each bit period, 
when the 8th bit of a channel sample is being transmitted. 
The data selector outputs the proper sequence of bits, as 
controlled by a bit count and frame count. 

The zero channel monitor function causes Bit 8 or Bit 7 to 
be transmitted as a "one" if the channel data sample is all 
"zeros." Input INH provides a means to inhibit the zero 
channel monitor function. Input B70PTN controls the partic- 
ulars of the insertion method. 

Two types of transmit formats are provided, a binary output 
and a paired unipolar output. The unipolar pair provides a 
means to externally create a single bipolar output with min- 
imal logic. 











B70PTN d 


ia 


28 


Z] INH 


TEST CZ 


2 


27 


ZD BIT3 


FRSYNC CZ 


3 


26 


ZD CHCLK 


SBIT d 




25 


ZJ BIT4 


CCIS CZ 




24 


ZD BIT2 


SSTB d 




23 


Z3 BIT5 


UNPLRA CZ 




22 


Z3 BIT1 


UNPLRB CZ 




21 


ZD BIT6 


GND CZ 




20 


ZD BIT7 


BINOUT CZ 


10 


19 


=1 VoD 


SYNOUT iz: 


11 


18 


Z3 CLOCK 


LOOP CZ 


12 


17 


ZD ALARM 


SYNCIN CZ 


13 


16 


ZD BIT8 


BCH CZ 


14 


15 


Z3 ACH 











Pin Configuration 



FEATURES 



• Single 5V supply, low power Schottky TTL compatible. 

• Accepts 8 bits of parallel data as input. 

• Generates output as 1 93 bit serial data stream In T-1 , D2, D3 
or D4 Mode 3 data format. 

• Provides a channel and frame timing signal. 

• Provides alternate control for alarm reporting and signalling. 

• Provides automatic bit insertion for all-zero channel samples. 





:l ock j 1 ■. 

°~l OUTPUT I s 



BINOUT 
UNPLRA 
UNPLRB 



Figure 1. T-1 Serial Transmitter 
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T-1 TRANSMITTER INPUTS 

Any input <0.8V = logic 0, low. Any input >2.0V = logic 1, 
high. The transition from a low level to a high level is called a 
rising edge, while the converse is defined as a falling edge. 

FRSYNC: FRAME SYNCHRONIZATION 

Frame sync allows external synchronization of the transmitter's 
internal frame counter. When FRSYNC becomes high, the frame 
counter is directly set to frame 1 , the first of the twelve frames. 
If FRYSYNC is held high and does not return to zero before a 
rising edge of CLOCK, the subsequent states of BINOUT, 
UNPLRA and UNPLRB are high, high and low, respectively, 
regardless of the states of any other inputs. The latter 
mechanism is useful for device and/or board testing only and 
will cause bit errors and/or bipolar violations if used during field 
operations. See Figures 6 and 7. 

SYNCIN: SYNCHRONIZATION INPUT 

SYNCIN allows external synchronization of the internal Modulo 
193 bit/channel counter. When SYNCIN becomes high, the 
Modulo 193 counter is directly set to the state corresponding 
to the output of the framing (Fj or Fs) bit. The first bit of chan- 
nel one will be output on BINOUT (and UNPLRA or UNPLRB) 
as a result of the first rising edge of CLOCK following the return 
of SYNCIN to logic 0. See Figures 5 and 7. 

TEST: ROCKWELL DEVICE TEST INPUT 

Used only for Rockwell device testing. Keep this input 
grounded. 

CLOCK: T-1 CLOCK 

Maximum frequency = 1.6 MHz 
Minimum pulse width = 275 ns 
The T-1 bit period is bounded by the rising edges of this input. 

INH: INHIBIT ZERO CHANNEL MONITOR 

If INH is high, the zero channel monitor function is disabled, and 
Bits 7 and 8 are transmitted per corresponding inputs received. 
See Table 1 . 

For channels in signalling frames (6 or 12) in which the first six 
data bits and the signalling highway are all "zero," BIT 7 will 
be forced to one if INH is low. For any frame except a signalling 
frame Bit 8 or Bit 7 as selected by B70PTN will be transmitted 
as a "one" if the channel input data is "zero" and INH is low. 

BITS 1-8: PARALLEL CHANNEL DATA INPUTS 

Bit 1 , the sign bit, will be serially transmitted first, followed by 
Bits 2 through 8. The falling edge of CHCLKF indicates input 
channel data has been clocked into the input register and always 
occurs during the transmission of the final bit (Bit 8) of each chan- 
nel data sample. 

ACH: "A" CHANNEL HIGHWAY SIGNALLING 

ACH allows the user to transmit one bit of signalling per chan- 
nel as Bit 8 of each channel data sample in Frame 6 only. ACH 
is clocked into the input register by the falling edge of CHCLKF. 
Refer to Table 1 and Figure 4. 



BCH: "B" CHANNEL HIGHWAY SIGNALLING 

BCH allows the user to transmit one bit of signalling per charinel 
as Bit 8 of each channel data sample in Frame 12 only. BCH 
is clocked into the input register by the falling edge of CHCLKF 
Refer to Table 1 and Figure 4. 

S-BIT: MULTIFRAME SIGNALLING BIT 

SBIT, in conjunction with CCIS, provides an alternate way to 
control the multiframe signalling bit (Fs) transmission. The S-Bit 
input is transmitted as the multiframe signalling bit (Fs) if CCIS 
is held high. Refer to Table 2. 

ALARM: LOCAL ALARM 

Used for reporting alarm conditions. If the ALARM signal is high, 
Bit 2 (the most-Significant bit) of every channel data sample of 
every frame is transmitting as a zero. This is commonly called 
remote alarm signalling. ALARM is clocked into the input register 
at the falling edge of CHCLKF. Refer to Table 1 and Figure 4. 

LOOP: LOOP STRAP 

Provided to aid testing of user applications. When enabled to 
a high level, LOOP forces the unipolar outputs to transmit alter- 
nating ones and zeros, regardless of input conditions, while 
BINOUT continues to provide normal data outputs. Refer to 
Figure 3. 

CCIS: COMMON CHANNEL INTEROFFICE 
SIGNALLING STRAP 

Provides optional control for replacing the automatic Fs pattern 
with a 4-kilobit common channel signalling path. When CCIS 
is high, the SBIT input replaces the Fs pattern and the inser- 
tion of ACH and BCH is suspended. The CCIS input may also 
be used to provide the alternate method of alarm reporting. See 
Figure 4. 

B70PTN: BIT 7 OPTION 

Provides Bit 7 as an alternate bit position for "one" stuffing, as 
programmed by the zero channel monitor function. Refer to 
Table 1. 

VSS, VDD: GROUND AND POWER 

Vdd = +5 ±0.25 Vdc 
Vss = Ground, Vdc 

T-1 TRANSMITTER OUTPUTS 

Low power TTL Schottky compatible. "1" > 2.4 Vdc, "0" < 
0.4 Vdc, CMOS — 12Kn pullup to Vqd required. 

SSTB: 4 kHz SIGNALLING CHANNEL STROBE 

SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTB will go high as each framing 
bit (Fj) is serially transmitted, and will return low as each 
multiframe alignment signal (Fs) is transmitted. Refer to 
Figure 2. 

SYNOUT: CHANNEL SYNC OUTPUT 

SYNOUT provides a means to synchronize to the internal bit 
counter (Mod 193). SYNOUT is high for one bit time, beginning 
just prior to the first data bit of a frame being serially transmitted. 
Refer to Figure 7. ^YNOUT is the only output determined by 
the falling edge of CLOCK. 
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CHCLKF: CHANNEL CLOCK FALSE 

The falling edge of CHCLKF, occurring as Bit 8 of any channel 
is being serially transmitted, indicates input data has been 
clocked into the input register. With the exception of an extra 
bit period extending the low level duration at frame bit time, 
CHCLKF is a divide-by-eight of CLOCK. Refer to Figure 2. 

BINOUT: SERIAL DATA OUTPUT, BINARY 
FORMATTED 

BINOUT is the binary formatted serial conversion of the parallel 
input data. The programmed format of BINOUT follows Tables 1 
and 2. 

BINOUT is synchronously transmitted as a high level if FRSYNC 
remains high during the rising edge of CLOCK. Refer to 
Figures 6 and 7. 



UNPLRA, 



UNPLRB: T-1 SERIAL DATA UNIPOLAR 
OUTPUTS 



Two paired unipolar outputs are provided for the purpose of 
creating a single serial data output transmission in bipolar for- 
mat. The unipolar output register toggles for each "one" bit to 
be serially transmitted. UNPLRA and UNPLRB are transmitted 
as complements for "one" data bits and as low levels for "zero" 
data bits. See Figure 3. 

The input signal LOOP, if high, forces the unipolar outputs to 
toggle every bit time, regardless of input data. 

FRSYNC perturbs the current bits being transmitted by UNPLRA 
and UNPLRB. If FRSYNC remains high during the rising edge 
of CLOCK, UNPLRA will be transmitted as a high level and 
UNPLRB will be low. Refer to Figures 6 and 7. 



Table 1 . Serial Channel Sample Output Data Truth Table 



inputs X = don't care 


Current 
Frame 
Number 








Binout 








Notes 


3 
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ffl 
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CD 


CM 

1- 

QQ 


eo 
ffi 


ffl 


in 




1- 
53 


flO 
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CO 


Serial Output 

Channel 
Bit Position 


1 


2 


3 


4 


5 


6 


7 


8 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 
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X 
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1 


3 


NOTES (1) ALARM = 1 has the same effect as BIT 2 = 

(2) P, Q, R, S, T, U and V may not simultaneously be zero, unles A, B or W is 1 

(3) y IS any frame 7^ 6 and ^ 12 with CCIS = 0, or all frames with CCIS = 1 
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Table 2. Framing Bit (Ft & Fs) Output Data 




Frame 
Number 


Processed 
Bit 


Binout 


CCIS = 


CCIS = 1 


1 




1 


1 


2 







SBIT 


3 










4 







SBIT 


5 




1 


1 


6 




1 


SBIT 


7 










8 




1 


SBIT 


9 




1 


1 


10 




1 


SBIT 


11 










12 


Fs 


O(NOTEI) 


SBIT 


Notes: (1) Alternate remote alarm reporting may be accomplished by holding SBIT and CCIS both high just prior 
to initiation of Frame 12. 
(2) Ft bit insertion Is automatic and no optional control is provided. 



BINOUT = 



BIT NO. V 8 V F V 1 y 2 Y 3 X 4 V 5 V 6 y 7 y 8 y 1 y 2 y 3 y 4 y 5 y 6 y 7 y 81? 

ryj-^ SAMPLE CH. 1 n ^-w*^ SAMPLE OH. 2 



CHCLKF 



JT 



"^virz 



JT 



^ CH. 24 -^ OR h- 
Fs 



CHANNEL 1 



CHANNEL 2 



— H 



FRAME NUMBER 



(horizontal scale change) 



ACH Replaces BIT 8 In Frame No. 6 

BCH Replaces BIT 8 in Frame No. 12 ■ 



Fs = 



2 I 3 ~ 4 5 6 7 8 9 10 11 j 12 ~ 1 



Ft = 1 

SSTB J I f 

SYNOUT I I I 

FRSYNC* JL ^ 

SYNCN- i l_i i ♦ ♦ 4 » ♦ ♦ ♦ ♦ 



1 



r\ 



See Fig. 7 



J L 



J L 



•POSSIBLE POSITIONS TO RE-INFOBCE INTERNAL SYNCHRONIZATION. 



1 r 



J i 



Figure 2. Transmitter input-Output Signal Relationships 
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Figure 3. Transmitter Binary 


, Unipolar Outputs 
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Figure 4 (a). Channel Input Timing 
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Figure 4 (b). LOOP Input Timing 



J V 



SBIT 



BINOUT 



21 



\\\\\\\X 



EI 



y CH 24, BIT 7 )( CH 24, BITS X '"^ X CH 1, BIT 1 )( 



CCIS 



^ 



(SEE NOTE) 



NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE ALARM REPORTING METHOD. CCIS SHOULD BE 
ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT 
THE REMOTE ALARM. 



Figure 4 (c). Control Input Timing 
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Figure 5. SYNCIN Timing Relationship 
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Figure 6. Non-return-to-zero FRSYNC Timing 



CLOCK 

FRSYNC 
(Return to zero) 

SYNCIN 



(1 PULSE PER 193 CLOCKS, MAX) 
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CH23 
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Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC) 
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Table 3. input Timing 


Symbol 


Parameter 


Min 


Max 


Unit 


tis 


Buffered Data Setup Time 


450 




ns 


tlH 


Buffered Data Hold Time 







ns 


t2S 


Control Input Setup Time 


400 




ns 


t2H 


Control Input Hold Time 


20 




ns 


tas 


Asynchronous Control Input Setup Time 


350 




ns 


t3H 


Asynchronous Control Input Hold Time 


20 




ns 


t4S 


SYNCIN Setup Time 


200 




ns 


t4H 


SYNCIN Hold Time 


20 




ns 




SYNCIN Pulse Width 


100 




ns 


tss 


Frame Sync Setup Time (Return to Zero) 


250 




ns 


tsH 


Frame Sync Hold Time (Return to Zero) 


20 




ns 




Frame Sync Pulse Width 


200 




ns 


tss 


Frame Sync Setup Time (Non-Return to Zero) 


525 




ns 


tsH 


Frame Sync Hold Time (Non-Return to Zero) 


20 




ns 



Table 4. Output Propagation Delay, Worst Case 
(Measured from Rising Edge of Clock Unless Stated Otherwise) 



Output 


Max Delay 


Unit 


SSTB 


500 


ns 


SYNOUT 


500 


ns 


Ref from Falling 






Edge of Clock 






CHCLKF 


500 


ns 


BINOUT 


500 


ns 


UNPLRA 


500 


ns 


UNPLRB 


500 


ns 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


4- 4 75 to +5.25 


Vdc 


Operating Temperature 


Top 


to 70 


°C 


Storage Temperature 


"•"STG 


-55 to +150 


°C 



*N0TE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 ±5%) 



Parameter 


Symbol 


Min 


Max 


Unit 


Logical "1" Input Voltage 


VOH 


2.0 


Vdd + 3 


V 


Logicical "0" Input Voltage 


V|L 


-0.3 


0.8 


V 


Logicical "1" Output Voltage 


VoH 


2.4 


— 


V 


Logic "0" Output Voltage 


Vol 


— 


04 


V 


Output Source Current 


loH 


-100 


— 


/.A 


Output Sink Current 


loL 


400 


— 


^A 


Capacitance Load (any output) 


C 


— 


25 


PF 


Input Capacitance (any input) 


OjN 


— 


5 


PF 


Clock Frequency 




— 


1.6 


MHz 


Power Dissipation 


Pd 


— 


250 


mW 
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PACKAGE DIMENSIONS 



.0 {){)C\r\0(\[\r\DD{](]r\ 



^^ 



PIN NO. 1 
INDENT. 



(1.470) 



(.550) 
(.530) 



(1.440) 



(.065) 
(.045) 




(.160) 

(•I'^O) i,6ia 



(.015) 



(-110) (.150) (.060) 

(.090) (.125) (.020) 




(-700) 



(.600) 



(.015) 
(.008) 
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DESCRIPTION 

The Rockwell T-1 Receiver processes serial unipolar data of a 
T-1 ,D2 or T-1 ,D3 line from which data and a 1 .544 MHz clock 
have been extracted 

Frame synchronization is accomplished by locating the frame 
bit (Fj) alternating every 386 bits. Loss of frame sync is indicated 
if a frame bit error occurs within two to four F-Bit frames since 
the previous frame bit error 

A loss of carrier is indicated if 31 consecutive bit times yield 
"zeros" at the input Carrier loss is reset and frame sync search 
begins when a "one" reappears at the TDATA input 

Signaling bits, which occur 193 bit positions after a framing bit, 
are monitored to detect signaling frames. The signaling frame 
output, SIGFR, identifies the present frame as a signaling frame, 
and the S-Bit output at that time identifies which signaling frame 
IS being processed. 

Remote alarm reporting is detected by monitoring the second 
received bit of every channel sample of every frame. An alarm 
IS indicated if 255 consecutive Bit 2 zeros are received. 

Channel data bits are output by an eight-bit parallel register. The 
rising edge of the signal called channel clock (CHCLK) indicates 
the extraction of new output channel data. 

Several signals developed from a MOD 386 counter are provided 
to aid in the external processing and storage of channel data. 
Signals are provided to increment counters, synchronize 
counters, strobe data into memones, etc. 

The Rockwell T-1 Receiver chip operates on a single 5 volt supply 
and directly interfaces to the low power TTL Schottky logic family. 
The Receiver is packaged in a 28 pin dual in-line (DIP). 

Timing relationships are given in figures 3 through 5. 

FEATURES 

• Synchronizes serial T-1 ,D2 or T-1 ,D3 signals in less than 5 ms. 

• Extracts 8-bit parallel channel data 

• Provides timing signals to capture and synchronize channel 
and frame information 

• Monitors and detects 

— Errors in signaling bit pattern 

— Loss of frame sync 

— Loss of carrier 

— Remote alarm reporting 

• Single 5V supply 

• LSTTL Schottky compatible 
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Figure 1 . R8060 Block Diagram 
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T-1 RECEIVER INPUTS 



CDB (1-8): CHANNEL DATA BIT 1 THROUGH 8 



Any Input <0.8V = LOGIC 0, LOW, ZERO. Any Input >2.0V = 
LOGIC 1, HIGH, ONE. A transition from a low level to a high 
level is called a rising edge, while the converse is true for the 
falling edge. 

TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT 

Unipolar T-1 Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 
TDATA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK. 

TCLK: T-1 CLOCK 

Typical clock frequency is 1 .544 MHz. Maximum clock frequency 
is 1 .86 MHz. The T-1 bit period is bounded by the rising edges 
of TCLK. Input levels must be >2.4 volts for LOGIC 1 and 
< 0.8 volts for LOGIC 0. 

SYNCEN: FRAME SYNCHRONIZATION ENABLE 

Provides a means to disable the automatic resync search initi- 
ated by a FRAME ALARM condition. If the SYNCEN signal is 
low, with synchronization function is inhibited and remains inhib- 
ited until SYNCEN transitions high. SYNCEN must be stable 
200 ns before the rising edge of FRALRM, in order to inhibit the 
synchronization function. 

MR: MASTER RESET 

Master Reset, when low performs an initialization clear of the 
T-1 Receiver; SBALRM and CALRM are reset to low levels while 
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels. 
Frame synchronization search begins on the rising edge of MR 
provided that SYNCEN signal has been high for 200 ns. 
Minimum pulse width is one T-1 clock period. 

CDINH: CHANNEL DATA INHIBIT 

Provides a means to disable channel data bit outputs. When at 
a high level, CDINH forces channel data Bits 1 through 7 high. 
Bit 8, the least significant channel data bit, is not controlled by 
CDINH. 

TESTI: ROCKWELL DEVICE TEST INPUT 

Used only for Rockwell device testing, no connection to TESTI 
is required for normal operation. 

VSS, VDD: GROUND AND POWER 

VDD = +5.0 ±0.25 VDC 
VSS = Ground, VDC 

T-1 RECEIVER OUTPUTS 

Low Power TTL Schottky — compatible 

"1" > 2.4 Vdc; "0" < 0.4 Vdc 

CMOS — 12 K n pullup to VDD required. 



Bit 1 is the sign bit. Bit 2 is the most significant bit and Bit 8 
is the least significant bit. If CDINH is low, new parallel channel 
data becomes valid within 200 ns after the rising edge of CHCLK 
and remains valid until the next rising edge of CHCLK. If CDINH 
is high, channel data Bits 1 through 7 afe forced to a high level. 
Bit 8, the least significant bit, is not controlled by CDINH. Chan- 
nel data Bits 1 through 7 are enabled or disabled within 300 ns 
(R8060) or 150 ns (R8060A) by CDINH. Refer to Figures 3 
through 5. 

CHCLK — CHANNEL CLOCK 

The rising edge of CHCLK Indicates a change of parallel output 
channel data. CHCLK is four TCLKS high then four TCLKS low 
except for when an "F" or "S" bit is received. Then CHCLK 
stretches to five TCLKS high and four TCLKS low. Refer to 
Figures 3 and 4. 



CHSYNC: CHANNEL SYNC 

Channel Sync occurs one time in a 24 channel period, making 
it sui table for s ynchronizing external counters to the T-1 Frame 
rate. CHSYNC goes low one TCLK period bef ore the falli ng edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK penod after the next rising edge of CHCLK. Refer 
to Figures 3 through 5. 

TESTO: ROCKWELL DEVICE TEST OUTPUT 

Designed to aid in Rockwell device testing. No connection 
required for normal operation. 

^ WIHBT: WRITE INHIBIT 

WIHBT covers the parallel channel data transition period. WIHBT 
is suitable for clocking or strobing channel data into external 
memories. WIHBT is high for two TCLK periods, beginning one 
TCLK period before the rising edge of CHCLK. Refer to Figures 
3 and 4. 



MAXCNT: MAXIMUM COUNT OF 386 MODULUS 



MAXCNT is low for one TCLK period, marking the completion 
of a two-frame period corresponding to the expected receipt of 
an F-bit at the TDATA input. Refer to Figures 4 and 5. 

SBCLK: S-BIT CLOCK 

SBCLK will be high during the S-Bit frame and low during the 
F-bit frame. The transitions will occur within 300 ns after the ris- 
ing edge of TCLK as channel 24 data is being transferred to the 
parallel channel outputs. Refer to Figures 3 through 5. 

S-BIT: SIGNALING BIT OUTPUT 

The S-Bit output will have the same digital level as the previous 
S-Bit received which occurred two frames before the receipt of 
the current S-Bit. An S-Bit output transition occurs one TCLK 
period after the rising edge of SBCLK. 
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During a signaling frame (SIGFR is low), frame 6 or "A" highway 
signaling is identified by S-Bit output being low If S-Bit is high 
during a signaling frame, frame 12 or "B" highway signaling 
is identified. Refer to Figures 3 through 5. 



SIGFR: SIGNALING FRAME 



SIGFR identifies frame 6 or 1 2 when low. if the sequence of five 
consecutive received S- Bits is either 011 1X or 1X001 (left to nght, 
as received), SIGFR shall go low after the rising edge, but at 
least 375 ns before the falling edge of WIHBT corresponding 
to channel 1 data sample time. SIGFR returns high one frame 
later (193 bits). Refer to Figures 3 through 5. 

SBALRM: S-BIT ALARM 

SBALRM goes high if the sequence of the five S-Bits received 
contains four consecutive ones (01 111), and remains high until 
three consecutive "zero" bits are preceded and followed by a 
"one" S-Bit (10001). The actual transition of SBALRM output 
occurs after the rising edge, but at least 375 ns before the fall- 
ing edge of WIHBT corresponding to channel 1 data sample 
time. 

B2ALRM: BIT 2 ALARM 

B2ALRM goes high, detecting a remote alarm condition, if 255 
consecutive channel data samples are received with Bit 2 low. 
B2ALRIVI returns low upon the receipt of any channel sample 
with Bit 2 high. 

CALRM: CARRIER LOSS ALARM 

A carrier loss is detected and CALRM is set high if 31 con- 
secutive low level TDATA bits are received. CALRM is reset low. 



FRALRM is set high and frame sync search begins when the 
first TDATA high level is received. 

FRALRM: FRAME ERROR ALARM 

FRALRM detects an out-of-frame condition FRALRM goes high 
If: 



A) 
B) 
C) 



D) 



The framing synchronization function is in progress. 

Within 250 ns after the falling edge of MR. 

An F-Bit IS received which is not the inverse of the last 

F-Bit and the same condition also occurred two or three 

or four F-Bit frames earlier. 

Within 250 ns after the falling edge of CALRM, (CALRM 

being reset by high level TDATA bit). 



FRALRM goes low upon completion of the synchronization func- 
tion or within 250 ns after the rising edge of CALRM. (Carrier 
loss condition during frame synchronization function). 

OUTPUT CLOCK SIGNALS DURING FRAME 
SYNCHRONIZATION FUNCTION 

Following the Declaration of Frame Sync loss (FRALRM goes 
high), output signals will continue normally for a two-frame period 
with the exception of CHSYNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
penod CHCLK, CHSYNC, and WIHBT are held high until frame 
sync has been located, as indicated by the falling edge of 
FRALRM. With typical data patterns, frame synchronization 
takes less than five milliseconds. See Figure 2. 
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FRAME SYNC 



-2 FRAME PERIOD- 
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Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization 
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Figure 3. Signal Relationships at Beginning of Fs Frame (S-BIT) 
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Figure 4. Signal Relationship at Beginning of Ft Frame (F-BIT) 
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Figure 5. Multiframe Signal Relationships 



Table 1 . Output Propagation Delay 
Worst Case, From Rising Edge of TCLK 



OUTPUT 


MAX DELAY (NS) 


CHCLK 


300 


CHSYNC 


300 


WIHBT 


300 


MAXCNT 


300 


SBCLK 


400 


SBIT 


400 


SIGFR 


475 


SBALRM 


475 


B2ALRM 


450 


CALRM 


300 


FRALRM 


900 


CDB (1-8) 


400 



j\r\r\r\r\{\{\r\{\r\f\r\ri{\ 



PIN NO. 1 
" IDENT. 

"UUUUUUUUUUUUUU 



(550 ) 
(530) 



1 



( 160) 
(140) 






(085) -^ 



7"'! L6!0> J 



1^ (023) 032 REF ,_viO) ( ^, 

(090) ( 125) (020) 



Packaging Diagram 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


+ 4.75 to +5.25 


V 


Operating Temperature Range 


Top 


to +70 


*>C 


Storage Temperature Range 


TSTG 


-55 to +150 


°c 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = + 5V ± 5%, Ta = 25°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Input Logic "1" Voltage 


V,H 


2.0 


Vdd + 0.3 


V 


Input Logic "0" Voltage 


V,L 


-03 


0.8 


V 


Output Logic "1" Voltage 


VOH 


2.4 




V 


Output Logic "0" Voltage 


Vol 




0.4 


V 


Output Source Current 


"oh 


-100 




/.A 


Output Sink Current 


Iql 


400 ^ 




/.A 


Clock Frequency 


TCLK 




1 85 


MHz 


Input Capacitance 


c, 




5 


PF 


Output Capacitance 


Co 




25 


PF 


Power Dissipation 


Pdss 




550 


mW 
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INTRODUCTION 

The Rockwell R8069 Line Interface Unit (LIU) Is a single 
chip CMOS device that interfaces the Rockwell R8070 
T1/CEPT PCM Transceiver to the physical T-1/CEPT 
PCM30 transmission medium. 

The R8069 LIU device contains analog and digital circuits 
which are based on CMOS technology to implement the 
line interface function required In ISDN primary rate trans- 
mission. The R8069 provides capabilities for 4-wire trans- 
mission of image, voice, or data signals; clock extraction; 
line equalization; bipolar violation detection; Jitter accom- 
modation; and AIS (Blue Alarm) generation and detection. 
In addition, the device operates at 1.544 or 2.048 Mbit/s 
and meets pulse shape and jitter specifications which are 
In accordance with T-1 and PCM30 standards. 

The R8069 is ideally suited for image, voice, or data trans- 
mission required in ISDN primary rate applications. The 
device is highly integrated and requires virtually no exter- 
nal components. 

Internal LIU functions allow system designers to mini- 
mize their development cost and easily implement a 
T-1/PCM30 physical interface to primary rate lines without 
concern about most of the complex details normally as- 
sociated with such a design. The R8069 also provides a 
high level of integration which increases system reliability, 
reduces space and achieves higher levels of performance 
and quality. 



FEATURES 

• Compatible with T-1 and PCM30 (1.544 Mbit/s and 
2.048 Mbit/s) 

Selectable T-1 and PCM30 clock rates 
Implements ISDN primary rate interface 

Directly compatible with Rockwell R8070 T-1/CEPT 
PCM Transceiver and R8071 ISDN/DMI Link Layer 
Controller devices 

Independent transmit and receive sections 

Phase locked loop for loop timing applications 

Satisfies T-1 (AT&T Technical Advisory No. 34) and 
PCM30 (CCITT G.703) 

Provides line equalization for up to 655 feet of 22- 
gauge plastic insulated (ABAM) cable for T-1 applica- 
tions 

Transmission/reception of data for up to 1 600 feet of 
cable 

Accomodates pulse shape requirements for 75 Q and 
120 Q lines in PCM30 application 

Meets or surpasses jitter requirements specified by 
T-1 (AT&T Publication 62411, October 1985) and 
PCM30 (CCITT G.823) 

Intrinsic jitter under 0.05 Ul 

Jitter attenuation starts at 2 Hz 

Jitter tolerance above 0.4 Ul for jitter frequency up to 
100 kHz 

32-bit elastic store for jitter control and attenuation 

Elastic store bypass provisions 

Master/slave timing option 

Local and remote loop operation 

AIS (Blue Alarm) generation and detection 

On-chip line drivers 

Bipolar violation detector 

Analog CMOS technology 

Operates from a single +5V supply 

28-pin plastic dual in-line package (DIP) 

TTUCMOS I/O compatible 
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ORDERING INFORMATION 



Part Number: 



- Temperature 

Blank = O'C to + 70°C 

- Package 

P = 28-Pin Plastic DIP 



INTERFACE SIGNAL DESCRIPTION 

The R8069 interfaces directly to the R8070 and R8071 on 
one side and the DSX-1 or PCIVI30 demarcation point on 
the other, through transmit and receive transformers lo- 
cated external to the LIU device. The R8069 LIU interface 
signals are functionally grouped in Figure 1. Figure 2 
shows the R8069 pin assignments. The R8069 interface 
signals are described in Table 1 . 
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R8070 

T1/CEPT 

PCM TRANSCEIVER " 



R8071 

iSDN/DMI 

LLC 



EQUALIZER LINE AND 
CLOCK RATE SELECT 

LOOP/NORMAL OPERATION 

LOCAL/REMOTE (LOOP OPERATION) OR 
MASTER/SLAVE (NORMAL OPERATION) 



CRYSTAL 



GND 



TCLK 
SCLK 

RCLK 

RPOS 
RNEG 
TPOS 
TNEG 

ELS1-ELS3 

LOOP 

MODE 

XTALA 

XTALB 

TGNO 



TXOUTP 

TXOUTN 

RXINP 

RXINN 

CB 

ESO 

ESI 

EXCLK 

BPV 

RESET 

TVCC 

RVCC 

RGND 



TX OUTPUTS 



RX INPUTS 



CENTER/BYPASS 
ELASTIC STORE 



:} 



ERROR STATUS 

EXTERNAL CLOCK 

BIPOLAR VIOLATION 

RESET 

+ 5V 

+ 5V 

GND 



Figure 1. R8069 LIU Interface Signals 



RVCC 


C 


1 


28 


3 TCLK 


SCLK 


c 


2 


27 


H RCLK 


EXCLK 


c 


3 


26 


H ELS3 


XTALA 


c 


4 


25 


D ELS2 


XTALB 


c 


5 


24 


D ELS1 


TXOUTP 


c 


6 


23 


n CB 


TGND 


c 


7 


22 


D RGND 


TVCC 


c 


8 


21 


3 RXINN 


TXOUTN 


c 


9 


20 


H RXINP 


RESET 


c 


10 


19 


3 ESI 


LOOP 


c 


11 


18 


3 ESO 


MODE 


c 


12 


17 


H RNEG 


TPOS 


c 


13 


16 


3 RPOS 


TNEG 


c 


14 


15 


3 BPV 



28-PiN DIP 



Figure 2. R8069 LIU Pin Assignments 
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Table 1. R8069 Interface Signal Descriptions 



Symbol 


Pin 


I/O 


Name/Function 


RXINP, RXINN 


20,21 


1 


Receive Data Input P, Receive Data Input N. Receive bipolar data from transmission line. 
A 1 :1 transformer is required on these input lines. 


RPOS, RNEG 


16,17 





Receive Unipolar Positive, Receive Unipolar Negative. RPOS and RNEG are the out- 
puts of the received data recovered from RXINP and RXINN AMI line pulses. RPOS and 
RNEG have TTL levels and are in NRZ format. (These lines can be directly connected to 
R8070's RPOS and RNEG inputs.) RPOS and RNEG are clocked out at the falling edge of 
TCLK (when elastic store bypass is enabled) or RCLK (when elastic store bypass is 
disabled). 


RCLK 


27 





Recovered Clock. RCLK is the recovered clock output which is locked to the carrier fre- 
quency and phase of the incoming data. 


EXCLK 


3 


1 


External Clock. EXCLK is a TTL level input. The clock frequency should be 1 .544 MHz ±32 
ppm for T-1 applications and 2.048 MHz ±50 ppm for PCM30 applications. 


CB 


23 


1 


Center/Bypass Elastic Store. Elastic store is centered on the rising edge of CB. Elastic 
store is bypassed when CB is high. (Minimum pulse width is one clock cycle.) 


BPV 


15 





Bipolar Violation Detection. Whenever a bipolar violation on the input bus is detected, the 
BPV generates a positive pulse of one unit interval at the falling edge of TCLK (CB low) or 
RCLK (CB high). 


ESO, ES1 


18,19 





Error Status. The Error Status is continuously updated on the rising edge of TCLK. 

ESO ESI 

AiS Detected. AIS is activated by detection of a string of 231 6 ones 
with no more than two zeros. AIS is deactivated when three or 
more zeros are found after the AIS detection. 

1 Loss of Signal. Activated when the input signal level drops 

below 0.5 volts; deactivated when the input signal level rises 
above 1 .0 volts. 

1 Elastic Buffer Limit. Indicates an overrun/underrun on the 

elastic store. It will be negated when CB or RESET is activated. 
1 1 Normal Operation. 


TPOS.TNEG 


13,14 


1 


Transmit Unipolar Positive, Transmit Unipolar Negative. TPOS and TNEG are the 
"unipolar paired" input for transmitted data. TPOS and TNEG must have TTL levels and 
must be in NRZ format. (These lines can be directly connected to R8070 TPOS and TNEG 
outputs.) They are clocked in at the falling edge of TCLK. There are only three valid states 
for TPOS/TNEG (1 0, 01 , 00); state 1 1 is not allowed. 


TXOUTP, 
TXOUTN 


6,9 





Transmit Data Output P, Transmit Data Output N. Transmit bipolar data to transmission 
line. A 1 :2 step up transformer is needed at the output. 


TCLK 


28 





Transmit Clock. TCLK is the transmitter clock output which is either the smoothed clock 
provided through EXCLK, or the smoothed clock extracted from the input data when in the 
slave mode. TPOS and TNEG are clocked in on the falling edge of TCLK. The receive data 
is also clocked out on the falling edge of TCLK, except when in the elastic store bypass 
mode (CB high). (TCLK output provides the proper clock signal to the R8070's and R8071's 
TCLK and/or RCLK.) 


SCLK 


2 





System Clock. SCLK runs at two times the clock rate of TCLK, which is required by the 
R8071. 


ELS1-ELS3 


24, 25, 
26 


1 


Equalizer Line and Clock Rate Select. Selectable strap inputs that allow selection of T-1 
cable length equalization or the PCM30 line load impedance selection. 
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Table 1. R8069 Interface Signal Descriptions (Cont'd) 



Symbol 


Pin 


I/O 


Name/Function 


LOOP 


11 


1 


Loop Operation Select. LOOP low selects normal operation (MODE selects master or 
slave timing). LOOP high selects loop operation (MODE selects local or remote loop). 


MODE 


12 


1 


Mode Select. In normal operation (LOOP low), MODE low selects master timing and 
MODE high selects slave timing. In loop operation (LOOP high), MODE low selects local 
loop and MODE high selects remote loop. 


RESET 


10 


1 


Reset. Recenters the elastic store and trains the VGO to lock to EXCLK when RESET Is 
high. 


XTALA, XTALB 


4,5 


1 


XTAL Input pins. An external parallel resonant 6.176 MHz or 8.192 MHz crystal is needed 
for T-1 or PCM30, respectively. 


RVCC 


1 


1 


Receive Power. +5V power supply for the receive section. 


RGND 


22 


1 


Receive Ground. Ground for the receive section. 


TVCC 


8 


1 


Transmit Power. +5V power supply for the transmit section. 


TGND 


7 


1 


Transmit Ground. Ground for the transmit section. 



FUNCTIONAL DESCRIPTION 

The R8069 LIU contains both analog and digital circuitry 
to Independently process transmit and receive primary 
rate voice or data information. Circuitry to provide local 
loop, remote loop and master/slave timing is also included. 
A simplified block diagram of the Rockwell R8069 Line In- 
terface Unit (LIU) is depicted in Figure 3. 

TRANSMIT SECTION 

Transmit data (TPOS and TNEG) are provided to the 
R8069 from the R8070 for the generation of Alternate l\/1ark 
Inversion (AMI) data on output pins TXOUTP and 
TXOUTN. The input data are provided to a transmit com- 
promise line equalizer for pulse shaping and conditioning. 
The equalizer is capable of equalizing for up to 655 feet of 
ABAM cable (22-gauge plastic insulated cable with 
characteristics specified in Appendix B of the AT&T Tech- 
nical Reference Number 34, Sept 1983). The recom- 
mended cable is AT&T part no. 606-6/22 R6900. 

Three encoded inputs, ELS1-ELS3, allow selection of 
cable length equalization and clock rates (Table 2). 
Equalization for cable lengths of 0-660 feet in increments 
of 110 feet are selectable for a T-1 line. Loading im- 
pedance of 75 Q (for coaxial cable) or 120 ^ (for twisted- 
pair cable) is selectable for a PCM30 line. 

The equalized data are then provided to a line driver. In 
T-1 environment with a modulation rate of 1 .544 Mbps, this 
driver can drive a twisted pair cable up to 655 feet in 
length, and still meet the Isolated Pulse Template at the 
end of the cable (at DSX-1) as specified by AT&T Techni- 
cal Advisory No. 34. In PCM30 mode, the LIU provides a 
pulse shape which, when measured at the output of the 
transmit transformer, meets the requirements of CCITT 
Recommendation G.703. The typical output pulse shape 



conforms to the DSX-1 pulse template for T-1 (Figure 4 
and Table 3) and PCIVI30 (Figure 5). 

RECEIVE SECTION 

On the receive side, bipolar input data (RXINN and 
RXINP) is converted to a unipolar signal from which a 
clock can be extracted. A phase locked loop circuit (PLL1), 
which is based on an internal oscillator circuit, extracts the 
clock from the incoming data. The PLL1 clock recovery cir- 
cuit derives the Recovered Clock (RCLK) from this 
unipolar signal, unless Loss of Signal occurs. Should Loss 
of Signal occur, PLL1 derives RCLK from the External 
Clock (EXCLK) input. 

Depending on the loop and timing mode selection, phase 
locked loop circuit PLL2 smooths the clock signal 
(1.544 MHz or 2.048 MHz) provided by the EXCLK input 
or the RCLK output of PLL1. Jitter-free TCLK and SCLK 
clocks are then generated by PLL2. PLL2 is based on the 
crystal oscillator input at XTALA and XTALB. TCLK repre- 
sents the base clock frequency (1 .544 MHz or 2.048 MHz) 
and SCLK is twice the base frequency. TCLK and SCLK 
are used as transmit clocks by the R8070 and R8071, 
respectively. 






Table 2. ELS1 - ELS3 Encoding 


ELS3 


ELS2 


ELS1 


Cable Length/ 
Line Impedance 


Clock Rate* 


L 


L 


L 


0-110ft 


T-1 


L 


L 


H 


110-220 ft 


T-1 


L 


H 


L 


220 -330 ft 


T-1 


L 


H 


H 


330 -440 ft 


T-1 


H 


L 


L 


440 -550 ft 


T-1 


H 


L 


H 


550 -660 ft 


T-1 


H 


H 


L 


120 Q 


PCM30 


H 


H 


H 


75 Q 


PCM30 


* T-1 = 


1 .544 MHz; PCM30 = 2.048 MHz 
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Figure 4. DSX-1 Isolated Pulse Template (T-1) 



Table 3. DSX-1 Pulse Template Corner Points (T-1) 



Maximum Curve 


Minimum Curve 


ns 


Normalized 
Voltage 


ns 


Normalized 
Voltage 


0, 
250, 
325, 
325, 
425, 
500, 
675, 
725, 
875, 
1250, 


0.05 
0.05 
0.80 
1.15 
1.15 
1.05 
1.05 
-0.07 
0.05 
0.05 


0, 
350, 
350, 
400, 
500, 
600, 
650, 
650, 
800, 
925, 
1100, 
1250, 


-0.05 

-0.05 

0.50 

0.95 

0.95 

0.90 

0.50 

-0.45 

-0.45 

-0.20 

-0.05 

-0.05 


Note: Successive corner points are joined by straight 
lines to form the template shown in Figure 4. 





Actual T-1 Pulse Waveform at 330 Feet 
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Nominal pulse 



FOR 
75 Q LOAD IMPEDANCE: V = 2.37V 
120 Q LOAD IMPEDANCE: V = 3.00V 
OPERATING FREQUENCY 2.048 MBPS 
SOURCE: CCITT REC G.703 



Figure 5. DSX-1 Isolated Pulse Template (PCM30) 




Actual PCM30 Pulse Waveform with Load Impedance = 75 Ohms 
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R8069 Jitter Conformance 

input jitter tolerance, intrinsic output jitter and jitter transfer 
function of the R8069 surpasses the requirements set forth 
in AT&T Pub 6241 1 and CCITT Recommendation G.823. 

Jitter is defined as a short term phase shift of a digital sig- 
nal from its ideal position in time. Wander (jitter below 
10 Hz) is a long temn phase shift of a digital signal, which 
may result due to change in the propagation delay of the 
transmission media being used. 

Input jitter tolerance is the amount of jitter that the Data 
Terminal Equipment (DTE) can accept in its input signal 
and still be able to operate with specified bit error rate 
(BER <10"®). The input jitter tolerance of the R8069 is 
shown in Figure 6a. The jitter tolerance of the R8069 PLL 
clock recovery circuit is shown in Figure 6b. 

Intrinsic output jitter is the inherent jitter generated within 
the individual equipment when the input signal is jitter free. 
The R8069's advanced PLL utilizes a parallel resonant 
crystal in its circuitry in order to achieve an extremely low 
intrinsic output jitter. The maximum output jitter is shown 
in Figure 7. 

Jitter transfer function represents the amount of jitter that 
is carried over from the input signal to the output signal. 
The R8069 advanced design minimizes this transference 
of jitter from the input signal to the output signal as 
depicted be seen in Figure 8. 

Elastic Buffer 

In order to avoid data loss due to jitter, a 32-bit elastic store 
is provided in the receive data path. Its function is to 
eliminate the effect of short term jitter resulting from trans- 
mission line impairments. The receive data is written into 
the elastic buffer by the Recovered Clock (RCLF^ and read 
out from the elastic buffer by TCLK. The output of the elas- 
tic buffer drives the unipolar output signal (RPOS and 
RNEG). 

Input signal CB is used in conjunction with the elastic store 
to center/bypass the 32-bit buffer should an overflow or un- 
derflow of the data be detected. When CB is high, the elas- 
tic buffer is bypassed and receive data drives the unipolar 
output signal (RPOS and RNEG) directly. An overflow or 
underflow of the data is reported by the error status out- 
puts (ESO=H and ES1=L). The overflow or underflow 
status can be negated by asserting CB or RESET. Figures 
9 and 10 show the relative timing of the receiver channel 
signals for the Elastic Store Enable and Elastic Store 
Bypass modes, respectively. 

Loss of Signal 

Loss of signal Indicates detection of a low level signal and 
is represented In the error status by outputs ESO=L and 
ESI =H. When loss of signal occurs, PLL2 always switches 
to using the EXCLK as the reference clock to generate 
TCLK and SCLK. 



Alarm Indicator Signal 

Alarm Indicator Signal (AIS) Is asserted when a long string 
of ones (231 6) and less than 3 zeros are detected in a row. 
This condition indicates that a possible local loop back test 
may be taking place at the other end of the line. This con- 
dition Is represented In the error status by ESO=L and 
ES1=L. 

When multiple error status occurs, only the status that has 
the higher priority is reported. Both loss of signal and AIS 
share the highest priority but are mutually exclusive, thus 
preventing a conflict of priority. Elastic buffer limit ex- 
ceeded has a lower priority than either AIS and loss of sig- 
nal. 

Bipolar Violation 

Bipolar violation is reported on output pin BPV whenever 
bipolar violations occur on RPOS and RNEG. Output pin 
BPV generates a positive pulse of one unit interval 
(T-1: 1 Ul = 648 ns; PCM30: 1 Ul = 488 ns) at the falling 
edge of TCLK (when CB=low) or RCLK (when CB=high). 

LOOP AND TIMING MODE SELECTION 

Input pins LOOP and MODE select different loopback and 
timing configurations. The LOOP input determines either 
normal (no loop) or loop operation. The MODE Input 
selects master/slave timing in normal operation, or 
local/remote loop in loop operation: 

LOOP MODE Operation/mode 

Normal operation - Master timing 
Normal operation - Slave timing 
Loop operation - Local loop 
Loop operation - Remote loop 

NORMAL OPERATION 

When the LOOP Input is low, normal operation (no loop- 
back) is selected. The separate transmit and receive sec- 
tions of the LIU process data independently. In nonnal 
operation the LIU offers the flexibility of operating in either 
a master (MODE=L) or a slave (MODE=H) timing con- 
figuration. Figures 11 and 12 show the relative timing of 
the transmit channels for master and slave modes, respec- 
tively. 

Normal Operation - Slave Timing 

In slave timing mode, the recovered clock (RCLK) is ex- 
tracted from the incoming receive data. TCLK and SCLK 
are also derived from the recovered clock. This configura- 
tion support DMI type applications where the PBX acts as 
a master and the host as a slave. 

Normal Operation - Master Timing 

In master timing mode, RCLK is still extracted from the In- 
coming received data while TCLK and SCLK are extracted 
from the external input clock (EXCLFQ. 
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Figure 6a. R8069 Input Data Jitter Toierance 
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Figure 6b. R8069 PLL Clock Circuit Jitter Toierance 
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Figure 7. R8069 Maximum Intrinsic Output Jitter 
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Figure 8. R8069 Jitter Transfer Function 
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* BIPOLAR VIOLATION 

NOTE: RPOS AND RNEG ARE DELAYED AN ADDITIONAL 18 PERIODS WITH RESPECT TO RXINP & RXINN 



Figure 9. R8069 Receiver Waveforms - Elastic Store Enable 
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•BIPOLAR VIOLATION 



Figure 10. R8069 Receiver Waveforms - Elastic Store Bypass 
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Figure 11. R8069 Transmitter Waveforms - Master Mode 
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Figure 12. R8069 Transmitter Waveforms - Slave Mode 
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LOOP OPERATION 

When the LOOP input is high, loopback operation is 
selected. Loopback modes allow testing of LIU operation 
and signal routing in local (MODE=low) or remote 
(MODE=high) configuration. 

Local Loop 

In local loop operation, the transmit input data (TPOS and 
TNEG) is looped internally to the receive data outputs 
(RPOS and RNEG). Data provided to the T-1/CEPT line 
on the TXOUTP and TXOUTN consists of a string of ones 
transmitted to the remote end (Blue Alarm). The received 
data on RXINP and RXINN is Ignored. In this mode, RGLK 
is normally not used for clocking data into the R8070. 
RGLK is, however, still extracted from the received data on 
RXINP and RXINN, while TCLK and SCLK are extracted 
from EXCLK. 

Remote Loop 

In remote loop operation, the receive input data (RXINP 
and RXINN) is looped back onto the transmit data outputs 
(TXOUTP and TXOUTN) and is transmitted back to the 
remote end. The processing of the input data by the LIU 
receive side continues uninterrupted. The input transmit 
data made available to the LIU on TPOS and TNEG are 
ignored, and hence, do not appear on TXOUTP and 
TXOUTN outputs. In this mode all output clocks (RGLK, 
TGLK and SGLK) are derived from the received data on 
RXINP and RXINN. 



APPLICATION 

Typical R8069 LIU connections are shown In Figure 1 3, 1 4 
and 1 5. 

Note that a 430 ohms ± 5% (power dissipation < 1/8 W) 
external resistor in shunt with the secondary output of the 
transmit transformer (Falcon 27.1) Is required in order to 
meet the 120 ohm GEPT pulse template (Figure 15). 

Listed below are critical criterias in which the R8069 LIU 
will meet applicable pulse templates: 

• For GEPT using twisted pair wire (120 ohms), a 430 
ohm shunt resistor Is required as stated above. 

• For GEPT using coaxial cable (75 ohms), the 430 ohm 
resistor is not to be used. 

• For T-1 (1 00 ohms), the R8069 will work with or without 
the 430 ohm resistor, i.e., its use is optional in T-1 
mode. 

Application Note, "R8069 Interface Transformer Specifica- 
tions and Gonnections", Order No. 340, is also available. 



Table 4. Load Impedance and Shunt Resistor 



Mode 


Load Impedance 


430 Ohm Resistor 


CEPT1 
CERT 2 
T-1 


120 Ohms 
75 Ohms 
100 Ohms 


Required 
Not to be used 
Optional 



CERAMIC/MYLAR 



68 mF , 
TANTALUM 



10;XF g 



FROM 
CROSS 
CONNECT 
POINT 
(DSX-1) 



100fi 
1/4W 



• 2 1 • 



01-10 /iF 



T2 = FALCON 27.1; PULSE ENGINEERING 
T1 = FALCON 28, PULSE ENGINEERING 



CE RAMIC/MYLAR 

1 /tF ..TV ^ ^ '''" 



TVCC RVCC 
TGND RGND 



R8069 
LIU 



EXCLK 
XTALA 



£' 



SCLK, TPOS, TNEG, RPOS, 
RNEG, RCLK. TCLK 



R8070 
TRANSCEIVER 



ELS1-3, RESET, LOOP, MODE 
BPV, ESO-1, CB 



SYSTEM 
CPU 



I I XTAL 6 176 MHZ 




Figure 13. Connection to T-1 ABAI\^ Cable (100 Ohm) 
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FROIM 

CROSS 

CONNECT 

POINT 



68 /tF 
TANTALUM 



■L 1 



CERAMIC/MYLAR CERAMIC/MYLAR 



1 



7 



• 1:1 • 



• 2:1 • 



1.0 ^F 

-HI 



T2 = FALCON 27.1; PULSE ENGINEERING 
T1 = FALCON 28, PULSE ENGINEERING 



1.0 /tF 



■L !-„/ 



TVCC RVCC 
TGND RGND 



EXCLK 
XTALA 



M 



6.8 ^F 
TANTALUM 



SCLK, TPOS, TNEG, RPOS, 
RNEG, RCLK, TCLK 



TO 

R8070 

TRANSCEIVER 



ELS1-3, RESET, LOOP, MODE 
8PV, ESO-1, CB 



TO 

SYSTEM 

CPU 



I I XTAL 8.192 MHZ 



Figure 14. Connection to CEPT Coax Cable (75 Ohm) 
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(PD < 1/8 WATT) 



68 mF /-^N T ^'° "'' 8 
TANTALUM 



CERAMIC/MYLAR CERAMIC/MYLAR 

r— u 



• 2:1 • 



1.0 /xF 
Ih 



I 10.1-1.0 nF 



T2 = FALCON 27.1; PULSE ENGINEERING 
T1 = FALCON 28, PULSE ENGINEERING 



1.0 ^F 
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R8069 
LIU 



EXCLK 
XTALA 



H 



6.8 mF 
TANTALUM 



SCLK, TPOS, TNEG, RPOS, 
RNEG, RCLK, TCLK 



TO 

R8070 

TRANSCEIVER 



ELS1-3, RESET, LOOP, MODE 
BPV, ESO-1, CB 



TO 

SYSTEM 

CPU 



I I XTAL 8.192 MHZ 



Figure 15. Connection to CEPT Twisted Cable (120 Ohm) 
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LiU SYSTEM APPLICATIONS 

Two typical R8069 applications are shown on Figures 13 and 14. 
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Figure 16. R8069 Application in PCI^A Channel Banks 



EXCLK 



T1 LINES 



1.544 MBPS (T1) 
2.048 MBPS (PGM 30) 




CLOCKS 



Figure 17. R8069 Application in a PBX/Computer interface 
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SWITCHING CHARACTERISTICS - WAVEFORMS 
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Error Status - TCLK Relation Waveforms 
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SWITCHING CHARACTERISTICS - WAVEFORMS (CONT'D) 
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SWITCHING CHARACTERISTICS -TIMING 

(Vcc = 5.0 Vdc ± 5%, Vss = 0, Vdc Ta= 0°C to 70°C, unless otherwise specified) 



Parameter 


Symbol 


Min. 


Max. 


Units 


Notes 


Rise and Fall time 
RCLK, TCLK 
SCLK 


tCR, tCF 
tsCR, tsCF 


- 


20 
10 


ns 
ns 


1 
2 


Rise and Fall time, 

TPOS, TNEG, RPOS, RNEG, BPV, ESO, ES1 


tPR, tpF 




60 


ns 




Delay Time 

TCLK (or RCLK) to RPOS, RNEG, BPV 

SCLK to TCLK 

TCLK to Error Status VALID 


tD 

tSTD 

tESD 







80 
50 
80 


ns 
ns 
ns 




RESET Pulse Width 


tPMIN 


244 


_ 


ns 




T-1 

Pulse Width!, TCLK or RCLK Low 
Pulse Width, TCLK or RCLK High 
Pulse Width, SCLK Low 
Pulse Width, SCLK High 


tpWL 
tpWH 
tsWL 
tsWH 


315 

315 
155 
155 


335 
335 
165 
165 


ns 
ns 
ns 
ns 


3 
3 

4 
4 


PCM30 

Pulse Width, TCLK or RCLK Low 
Pulse Width, TCLK or RCLK High 
Pulse Width, SCLK or SCLK Low 
Pulse Width, SCLK or SCLK High 


tpWL 
tpWH 
tSWL 
tSWH 


235 
235 

115 
115 


255 
255 
135 
135 


ns 
ns 
ns 
ns 


3 
3 

4 
4 


Notes: 

1 . TCLK and RCLK rise and fall times are defined as TTL levels from 0.4 Vdc to 2.4 Vdc at Iload = 1 .6 mA and Cl = 50 pF. 

2. SCLK rise and fall times are defined as TTL levels from 0.4 Vdc to 2.4 Vdc at Iload = 1 .6 mA and Cl = 30 pF. 

3. The summation of tpwL and tpwH must meet the frequency specifications listed in the Interface Requirements table. 

4. The summation of tswL and tswH must be exactly one-half the summation of tpwL and tpwH. 
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INTERFACE REQUIREMENTS 



Characteristic 


Value 


Operation 


4-wire full-duplex on primary rate lines (T-1 or PCM30) 


Transmit Pulse Requirements 




Transmit Level 




1.544 MbpsfT-1) 


3V (nominal). Fits the pulse shape templates in DSX-1 Interconnection 




Specification (T-1) and CCITT Recommendation G.703 


2.048 Mbps (PCM30) 


3V (nominal). Fits the pulse shape templates in CCITT Recommendation G.703 


Transmit Pulse width 




1 .544 Mbps (AT&T & CCITT) 


324 ns (nominal) 


2.048 Mbps (CCITT) 


244 ns (nominal) 


Transmit Clock Accuracy 




AT&T 


1 .544 Mbps ±32 ppm 


CCITT 


1.544 Mbps ±50 ppm 


CCITT 


2.048 Mbps ±50 ppm 


Receive Clock Accuracy 




AT&T 


1.544 Mbps ±130 ppm 


CCITT 


1.544 Mbps ±50 ppm 


CCITT 


2.048 Mbps ±50 ppm 


Input Jitter Tolerance 


28 UIpp 


Receiver Sensitivity 


1 db below DSX-1 or G.703 specification 


Diagnostics 


On-chip loop test circuit (local and remote) 


Transmitter Transformer Test Load Impedance 




1.544 Mbps (AT&T & CCITT) 


1 00 Q resistive 


2.048 Mbps (CCITT) 


1 20 Q /75 Q resistive 


Interface to R8070/R8071 




Level 


CMOS/TTL compatible 


Clock timing 


Meets R8070/R8071 timing specifications 


Data from R8070 


Unipolar data to be transmitted on primary rate lines (TPOS and TNEG) 


Data to R8070 


Unipolar data received from primary rate lines (RPOS and RNEG) 


Clocks to R8070/R8071 




Recovered Clock 


RCLK 


Transmit clock 


TCLK 


System Clock 


SCLK(=2xTCLK) 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Units 


Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 


Vcc 

V,N 

Ta 

TsTG 


-0.3 to +7.0 

-0.3 to Vcc + 0.3 

Oto + 70 

-55 to +150 


Vdc 
Vdc 



♦NOTE: Stresses above those listed may cause per- 
manent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other 
conditions above those indicated in the other sections of 
this document is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device r eliability. 



ELECTRICAL CHARACTERISTICS' 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, TA - 0°C to 70°C unless othenvise specified) 



Parameter 


Symbol 


Mln. 


Typ. 


Max. 


Units 


Test Condition 


Input Low Voltage 


ViL 


-0.3 


- 


+0.8 


V 




Input High Voltage 


VlH 


+2.0 


- 


VCC +0.3 


V 




Output Low Voltage 


Vol 


- 


- 


0.4 


V 


Iload= 1.6 mA 


Output High Voltage 














TTL 


VOH 


2.4 


- 


- 


- 


Iload = -100hA 


CMOS 


- 


3.5 


- 


- 


- 


Iload= -IOO^A 


Output Low Current 


lOL 


+1.6 


- 


- 


mA 


Vol = 0.4V 


Output High Current 


lOH 


-100 


- 


- 


mA 


VoH = 3.5V 


Input Capacitance 


C|N 


- 


- 


5 


pF 




Power Dissipation^ 


Pd 








mW 




T-1 Mode 














Random Data 














330 ft. 




- 


270 


305 






655 ft. 




- 


280 


360 






All Ones 














330 ft. 




~ 


350 


430 






655 ft. 




- 


410 


480 






PCM30 Mode 














Random Data 




- 


240 


280 






All Ones 




- 


310 


360 






Power Consumption^ 


Pc 








mW 




T-1 Mode 














Random Data 














330 ft. 




- 


300 


375 






655 ft. 




- 


340 


410 






All Ones 














330 ft. 




- 


420 


500 






655 ft. 




- 


500 


570 






PCM30 Mode 














Random Data 




- 


260 


300 






All Ones 




- 


350 


400 






Notes: 1 . Applies to all signals except TXOUTP, TXOUTN, F 


^XINPandRXINN. 






2. Power Consumption = Power dissipated as heat a 


nd power used to drive cable. 
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RECOMMENDED CRYSTAL SPECIFICATION 



Parameter 


Value 


Frequency @ 25°C ±2°C 
T-1 
PCM30 


6.176 MHz 
8.192 MHz 


Frequency Tolerance @ 25°C 


±0.001% 


Temperature Stability (O^C - yO'C) 


±0.003% 


Load Capacitance 


13.5 pF 


Equivalent Series resistance (Max.) 


50 Q 


Motional Capacitance (Min.) 
T-1 (@ 6.176 MHz) 
PCM30(@ 8.192 MHz) 


0.022 pF 
0.025 pF 


Recommended Aging 


2 ppm/year 


Shunt Capacitance (Max.) 
T-1 (@ 6.176 MHz) 
PCM30(@ 8.192 MHz) 


6pF 
6pF 


Mode of Operation 


Fundamental 


Drive Level (Max.) 


2.5 mW 


Resonance Mode 


Parallel 



PACKAGE DIMENSIONS 



nnnnnnnr,nr>rtnr\r, 




2a 15 


^' 




B 


o 

1 u 


1 


uuuuuuuuuuuuuu 









'k H^k - 



\n 






DIM. 


MILLIMETERS 


INCHES 


MIN. 


MAX. 


MIN. 


MAX. 


A 


36.32 


37.34 


1.430 


1.470 


B 


13.46 


13.97 


0.530 


0.550 





3.56 


5.08 


0.140 


0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BBC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


600 BSC 


M 


7' 


10* 


7' 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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INTRODUCTION 

The Rockwell R8069A Line Interface Unit (LIU) is a single 
chip CMOS device that Interfaces the Rockwell R8070 
T1/CEPT PCM Transceiver to the physical T-1/CEPT 
PCM30 transmission medium. 

The R8069A LIU device contains analog and digital cir- 
cuits which are based on CMOS technology to implement 
the line interface function required in ISDN primary rate 
transmission. The R8069A provides capabilities for 4-wire 
transmission of image, voice, or data signals; clock extrac- 
tion; line equalization; bipolar violation detection; jitter ac- 
commodation; and AIS (Blue Alarm) generation and 
detection. In addition, the device operates at 1.544 or 
2.048 MbiVs and meets pulse shape and jitter require- 
ments specified by T-1 or PCM30 standards, respectively. 

The R8069A is ideally suited for image, voice, or data 
transmission required in ISDN primary rate applications. 
The device is highly integrated and requires virtually no ex- 
ternal components. 

Internal LIU functions allow system designers to mini- 
mize their development cost and easily implement a 
T-1/PCM30 physical interface to primary rate lines without 
concern about most of the complex details normally as- 
sociated with such a design. The R8069A also provides a 
high level of integration which increases system reliability, 
reduces space and achieves higher levels of performance 
and quality. 

NEW FEATURES INCLUDE: 

• 44-Bit Receive Elastic Store for Up to 40 Ul Jitter Ac- 
commodation 

• Exceeds Latest CEPT Requirement 

• Transmit Elastic Store for Alignment of Transmit Data 
with System Clock 

• Standby Mode for Transmitter 

• Mode Independent Loopbacks 

• Self Generation of Line Rate Clock for Elimination of 
External Clock Generator or Fall Back if External Clock 
Lost 

• Automatic RCLK Source Selection 

• Improved Pulse Shape for Added Margin from 
Template 



FEATURES 

Compatible with T-1 (1 .544 Mbit/s) and PCM30 (2.048 
Mbit/s) 

Selectable T-1 and PCM30 clock rates 

Implements ISDN primary rate interface 

Directly compatible with Rockwell R8070 T-1/CEPT 
PCM Transceiver and R8071 ISDN/DMI Link Layer 
Controller devices 

Independent transmit and receive sections 

Phase locked loop for loop timing applications 

Satisfies T-1 (AT&T Technical Advisory No. 34) and 
PCM30 (CCITT G.703) 

Provides line equalization for up to 655 feet of 22- 
gauge plastic insulated (ABAM) cable for T-1 

Transmission/reception of data for up to 1600 feet of 
cable 

Accommodates pulse shape requirements for 75 Q 
and 120 Q lines in PCM30 application 

Meets jitter requirements specified by T-1 (AT&T Pub- 
lication 6241 1 , Oct. 1985) and PCM30 (CCITT G.823) 

Intrinsic jitter under 0.05 Ul 

Jitter attenuation starts at 2 Hz 

Jitter tolerance above 0.4 Ul for jitter frequency from 
20 kHz to 100 kHz 

8-bit TX elastic store for jitter control and attenuation 

44-bit RX elastic store for jitter control and attenuation 

Provision to bypass RX elastic store 

Master/slave timing option 

Local and remote loop operation 

AIS (Blue Alarm) generation and detection 

Bipolar violation detector 

EXCLK activity detector 

On-chip line drivers 

Analog CMOS technology 

CMOS/TTL compatible inputs and outputs 

Operates from a single +5V supply 

28-pin plastic dual in-line package (DIP) 



Document No. 29300N52 



Product Preview 
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INTRODUCTION 

The Rockwell R8070 T1/CEPT PCM Transceiver is a monolithic 
silicon gate CMOS device designed to implement PCM trans- 
mitter and receiver functions applied in primary-rate digital carrier 
systems worldwide. Both the transmitter and receiver contain 
appropriate circuitry for synchronization, channel monitoring and 
signaling extraction. 

The R8070 supports CCITT recommendations G.732, G.733 and 
applicable sections of G.703, as well as AT&T technical 
advisories on clear channel capability and Extended Superframe 
Format (ESF). This device provides the interfaces between the 
multiplexed digital signals of the subscriber loop and the PCM 
highway in a digital telephone switching system. The device 
operates from a single power supply of 5 volts and a sampling 
clock of 1.544 to 2.048 MHz, depending on the mode of 
operation. 

Packaged in a 64-pin QUIP (quad in-line package) or a 68-pin 
PLCC (plastic leaded chip carrier), the R8070 requires less real- 
estate and provides added flexibility in system integration and 
manufacturing. With eleven modes of operation and a serial or 
parallel data interface, the R8070 finds worldwide application 
in diverse areas of voice/data communications. 



FEATURES 

• Implements primary-rate PCM formats: 

— T-carrler T1 (D4), T1 (ESF) and 1/2 T1C synchronous 

— CEPT PCM-30 

• Meets CCITT G.732 (2.048 Mbps), G.733 (1 .544 Mbps) and 
applicable sections of G.703 

• Supports AT&T technical advisories on Extended Superframe 
Format and Clear Channel operation with B8ZS coding 

• Supports SLC-96 applications 

• Single chip receiver and transmitter 

• Selectable serial or parallel data interface 

• Reframe time less than 10 ms 

• Interfaces directly with Rockwell R8071 ISDN/DM I Link 
Controller 

• Available in 64-pin quad in-line (QUIP) and 68-pin plastic 
leaded chip carrier (PLCC) packages 

• Operates from a single + 5 Vdc supply 

• CMOS/TTL compatible inputs and outputs 

• Low power CMOS technology 
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T1/CEPT PCM Transceiver 



ORDERING INFORMATION 



Part Number: 

R8070 _ 



- Temperature 

Blank = 0*»C to +70°C 
E = -40°Cto +85°C 

- Package 

P = 64-Pin Plastic QUIP 
S = 64-Pin Cerpac QUIP 
J = 68-Pin Plastic Leaded Chip 

Carrier (PLCC) 
JC = 68-Pin Ceramic Leaded 

Chip Carrier (CLCC) 



R8070 OPERATING MODE AND 
INTERFACE SELECTION 

The R8070 has eleven modes of operation covering T1 (D1D, 
D2, D3 and D4), T1 (Extended Superframe Format), T1C, and 
CEPT PCM-30 formats. Nine modes support T1 formats and two 
modes support CEPT formats. The mode is selected using 
M1-M4 to match the required PCM format. Modes may be 
chosen with or without signaling, and with a choice of zero 
suppression technique. 



For increased flexibility and lower external part count (no 
parallel/senal conversion required), a parallel (P/S high) or serial 
(P/S low) interface may be selected. The parallel interface hriay 
be chosen to match a byte-wide microprpcessor bus; the serial 
interface may be preferred to match an existing interface. 

DATA SHEET STRUCTURE 

The R8070 pin assignment, general interface and functional 
block diagrams that apply to both T1 and CEPT formats are 
shown in the front of the data sheet. The electrical and switching 
characteristics and packaging information are included in a short 
common section at the end of this document. 

The PCM formats, the R8070 interface signals and R8070 opera- 
tion in T1 and CEPT environments are described separately to 
simplify the use of this data sheet. These two major sections 
are structured similarly and include four subsections: 

• The Overview provides an introduction to PCM formats and 
terminology, and a guide to mode selection. 

• The Functional Description gives an overview of the R8070 
operation and groups the signals associated with each aspect 
of PCM transceiver design: channel data, signaling, alarm 
indication, error reporting, timing and synchronization. 
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The Interface Description is arranged so that, having chosen 
an operating mode (PCM format) and data interface (parallel 
or serial), the designer can clearly identify the signals avail- 
able in that configuration. Pin assignments and pin defini- 
tions are separately listed with applicable interface and mode. 
Within each table, the R8070 signals are arranged in three 
groups: 



1 . Dedicated signals whose function is fixed. 

2. Parallel/serial interface dependent signals. 

3. Framing mode dependent signals. 

• The Waveforms show major signaling or frame level signals 
followed by channel/bit level signals. 

For more detailed information, see the R8070 T1/CEPT PCM 
Transceiver Designer's Guide (Order No. 313). 



R8070 Operating Mode Selection and Characteristics 
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Notes: B7: Bit 7 is forced to a 1 (stuffed) on an otherwise ail zero channel. HDB3: High Density Bipolar 3-zero maximum. 
B8ZS: Bipolar 8-zero substitution. Transparent: No zero suppression or substitution. 
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R8070 OVERVIEW (Cont'd) 
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T1 OVERVIEW 

T1 Is a PCM format for time-division multiplexing 24 voice 
(telephone) or data circuits onto a single transmission path. This 
path is normally a dual twisted-pair cable with digital repeaters 
at intervals of 6000 feet. 

T1 presently has two major formats; the older D4 format and 
the emerging Extended Superframe Format (ESF). The major 
differences between them are in the signaling format and the 
definition of the F-bit pattern. Both formats, as well as their 
derivatives, are supported by the R8070. 

In addition, there is a hierarchy of PCM formats within the 
T-carrier system that defines further time-division multiplexing 
of multiple T1 lines, to produce T1C (two T1 lines), T2 (four T1 
lines), and so on. These higher level formats are used for long- 
haul transmission via satellite or microwave links. The R8070 
provides specific support of the T1C format, in addition to T1. 



T1 FORMATS 

Basic 11 (D4) 

Prior to transmission, each voice circuit is sampled at 8 kHz using 
an 8-bit ^-law companding analog-to-digital converter. The 
resulting 64 kbps (8 bits x 8 kHz) signal is time-division multi- 
plexed with 23 other sampled channels to produce a frame of 
192 bits (24 channels X 8 bits). An extra bit (193rd bit or F-bit) 
is inserted at the beginning of each frame to define the frame 
boundaries. Since each voice circuit is sampled at 8 kHz, the 
frame rate is 125 ns. To transmit 193 bits In 125 iis requires a 
bit rate of 1 .544 Mbps, hence the standard T1 clock frequency 
of 1 .544 MHz. 

Signaling Data. Signaling data, such as on-hook and off-hook 
conditions, dialing digits, call progress, etc., associated with each 
voice circuit is transmitted within the voice channel itself. This 
is known as associative signaling, as opposed to common 
channel signaling, where a single (common) channel is dedicated 
to carry the signaling data for all the voice circuits within a T1 
link, for example. 

The signaling data, known as A- and B-bits, is conveyed in the 
8th bit position (least significant bit) of each channel within 
frames 6 (A-bit) and 12 (B-bit). This signaling method is also 
known as "robbed-bit" signaling since the A- and B-bits actually 
displace the original LSB of the voice signal, causing a slight, 
but insignificant, error in the received signal. 

The requirement for associated signaling in frames 6 and 12 dic- 
tates that the frames be distinguishable. This leads to a 
multlframe structure consisting of 12 frames. 

To recap, the PCM structure consists of: a multiframe of 
12 frames; a frame of 24 channels, plus an F-bit; and 8 bits to 
per channel, where a channel is equivalent to one voice circuit 
or one 64 kbps data circuit. 



This structure of frames and multiframes is defined by the F-bit 
pattern. The F-bit is designated alternately as an Ft bit (terminal 
framing bit) or Fs bit (signaling framing bit). The Ft bit carries 
a pattern of alternating Os and Is (101010) that defines the frame 
boundaries so that one channel may be distinguished from 
another. The Fs bit carries a pattern of 001 1 10 and defines the 
multiframe boundaries so that one frame may be distinguished 
from another, in particular, frame 6 and frame 12 may be identi- 
fied for the recovery of signaling bits. 

Alarms and Error Conditions. In addition to voice and signal- 
ing data, T1 defines several alarm and error conditions that must 
be monitored and reported. The principal alarms are: 

1 . Red Alarm 

2. Yellow Alarm 

A Red Alarm is produced by a receiver to indicate that it has 
lost frame alignment. A Yellow Alarm is returned to the trans- 
mitting terminal to report a loss of frame alignment at the 
receiving terminal. Normally a T1 terminal will use the receiver's 
Red Alarm to request that a Yellow Alarm be transmitted. 

The principal error conditions are: 

1 . Loss of carrier 

2. Bipolar violation 

3. Fs bit error 

4. Ft bit error 

A loss of carrier means that received data was zero for 31 con- 
secutive bits. A bipolar violation is a failure to meet the Alter- 
nate Mark Inversion (AMI) line code of T1 . AMI dictates that 1s 
(marks) are transmitted alternately as positive or negative pulses; 
zeros are transmitted as zero volts. 

Clock Recovery. In order to guarantee adequate clock recovery 
from the received data, a minimum "ones density" must be 
observed. One of two methods may be used; B8ZS or bit-7 
stuffing. B8ZS represents a group of 8 zeros by a predefined code 
that includes intentional bipolar violations. At the receiver, the 
code is recognized and the original 8 zeros are restored. The 
older method of bit-7 stuffing forces bit 7 to a 1 in an otherwise 
all zero channel. This forced 1 is not coded as a bipolar viola- 
tion and the original data cannot be recovered by the receiver. 

The R8070 supports all major requirements of the T1 system, 
including channel data recovery, signaling, alarm indication, error 
reporting and both methods of zero suppression to satisfy the 
ones density requirement. 

Extended Superframe Format (ESF) 

In Extended Superframe Format, the multiframe structure is 
extended to 24 frames from the 12 frames used in D4. The frame 
and channel structure is the same in both formats. Robbed-bit 
signaling is accommodated in frame 6 (A-bit), frame 12 (B-bit), 
frame 18 (C-bit), and frame 24 (D-bit). 
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T1 OVERVIEW (Cont'd) 

The F-bit pattern of ESF contains three functions: 

1. Framing Pattern Sequence (FPS) which defines the frame 
and multiframe boundaries. 

2. Facility Data Linl< (FDL) which allows data such as error per- 
formance to be passed within the T1 link 

3. Cyclic Redundancy Check (CRC) which allows error per- 
formance to be monitored and enhances the reliability of the 
receiver's framing algorithm 

The R8070 supports all major requirements of ESF, including 
channel data recovery, signaling, alarm indication, error report- 
ing and both methods of zero suppression to satisfy the ones 
density requirement. 

T1C Mode 1 Synchronous 

The frame structure of T1 C is the same as basic T1 but 4 extra 
(link) bits are included in each of the two multiplexed T1 lines 
at the end of channel 6,12,18 and 24 (where the link bit follows 
the F-bit). The bit rate of TIC is 3.152 Mbps. Two R8070s can 
be used, each clocked at 1.576 MHz, to configure a TIC 
multiplexer/demultiplexer. 

Summary 

The three major T1 formats supported by R8070 are: 
Format Modes 

1. Basic T1 (D4) 193S, 193N 

2. Extended Superframe Format (ESF) 193E, 193F 

3. TIC Mode 1 Synchronous 197S, 197N 

11 MODES DESCRIPTION 

The R8070 T1 operating mode is selected by configuring the four 
encoded Mode Select Input lines (M1-M4) to one of nine 
T1 modes (see T1 Mode Selection Table). 

Standard T1 (D4) Modes 

1938 Mode. The 193S mode implements the standard T1 PCM 
format at 1 .544 Mbps with 12 frames per multiframe, sometimes 
referred to as D4 (channel bank designation). A and B robbed- 
bit signaling is included. The pseudo-random channel numbenng 
of DID and D2 is supported, as well as the sequential numbenng 
of D3 and D4. There are 193 bits per frame. 

The Ft and Fs bit patterns are generated by the R8070 trans- 
mitter and recovered by the receiver. The Fs pattern is included 
in the receiver synchronization algorithm for improved immunity 
against Ft-imitating signals such as digital milliwatt. Robbed-bit 
signaling can be disabled to allow the use of the 193S mode 
in nonsignaling applications and thus retain its superior framing 
properties. 

To satisfy the "ones density" requirement, either B8ZS or bit-7 
stuffing techniques can be selected. Zero suppression may be 
disabled to allow transparent operation. 



193N Mode. The 193N mode implements standard T1 PCM 
format at 1 .544 Mbps with 4 frames per multiframe. Robbed-bit 
signaling is omitted. There are 193 bits per frame. 

The transmitter generates the Ft pattern but not the Fs pattern, 
which may be externally supplied. The receiver does not use 
the Fs pattern for synchronization but reports the Fs data 

This mode may be used in point-to-point communications where 
no robbed-bit signaling is required and the standard Fs pattern 
cannot be used If the standard Fs pattern can be used, then 
193S mode provides more reliable synchronization. 

To satisfy the "ones density" requirement, either B8ZS or bit-7 
stuffing techniques can be selected. Zero suppression may be 
disabled to allow transparent operation. 

Extended Superframe Format T1 Modes 

193E Mode. The 193E mode implements the Extended Super- 
frame Format of T1 at 1 .544 Mbps with 24 frames per multiframe, 
sometimes referred to as ESF or Fe. A, B, C and D robbed-bit 
signaling is implemented. There are 193 bits per frame. 

The transmitter generates the Framing Pattern Sequence (FPS), 
computes the Cyclic Redundancy Check (CRC) checksum, and 
accepts the Facility Data Link (FDL) bits, then combines them 
into the F-bit stream. The receiver recovers the FPS to establish 
framing, checks the CRC against the data (reporting any errors), 
and presents the FDL data bits. 

To satisfy the "ones density" requirement, either B8ZS or bit-7 
stuffing techniques can be selected. Zero suppression may be 
disabled to allow transparent operation. 

193F Mode. The 193F mode is identical to 193E mode, but 
robbed-bit signaling is omitted. This mode is convenient for com- 
mon channel signaling, and some additional timing signals are 
provided for this purpose. There are 193 bits per frame. 

The zero suppression technique is pre-selected as B8ZS but may 
be disabled to allow transparent operation. 

TIC Modes 

197S Mode. The 197S mode implements one-half of the T1C 
PCM format at 1 .576 Mbps with 12 frames per multiframe. Two 
R8070S can be used with additional logic to provide TIC, mode 
1 synchronous, multiplex and demultiplex functions. A and B 
robbed-bit signaling is supported. 197S framing is identical to 
that of 193S, but 4 link bits per frame are added. There are 
197 bits per frame 

No zero suppression is used in 197S (transparent). 

197N Mode. The 197N mode implements one-half of the T1C 
PCM format at 1.576 Mbps with 4 frames per multiframe. Two 
R8070S can be used with additional logic to provide T1C, mode 
1 synchronous, multiplex and demultiplex functions. Robbed- 
bit signaling is omitted. 197N framing is identical to that of 193N, 
but 4 link bits per frame are added. There are 197 bits per frame. 

No zero suppression is used in 197N (transparent). 
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T1 OVERVIEW (Cont'd) 



8 BITS/CHANNEL 



24 CHANNELS/FRAME 
FRAME = 193 BITS 




- FRAMES OTHER THAN 6 AND 12 

- FRAME 6 I BIT 8 CONVEYS 

- Ff^ME 12) SIGNALING INFORM ATION^ 



MULTIFRAME^ 



NOTES 1: A multlframe has 12 frames (D4) or 24 frames (ESF) 

2: In addition, ESF has a C-bit in frame 18 and a D-bit in frame 24. 



T1 PCM Format 



T-Carrler Hierarchy 



F-bit Assignment— Extended Superframe Format 



Digital 


Number 




Signal 


of Voice 


Bit Rate 


NuiYiber 


Circuits 


(Mbps) 


DS-1 


24 


1.544 


DS-1C 


48 


3.152 


DS-2 


96 


6.312 


DS-3 


672 


44.736 


DS-4 


4032 


274.176 



F-bit Assignment~D4 Format 



Frame 
Number 


Bit 
Number 


F-Bit 


Fs 


Ft 


1 





_ 


1 


2 


193 





— 


3 


386 


— 





4 


579 





— 


5 


772 


— 


1 


6 


965 


1 


— 


7 


1158 


— 





8 


1351 


1 


— 


9 


1544 


— 


1 


10 


1737 


1 


— 


11 


1930 


— 





12 


2123 





— 



ESF 
Frame 
Number 


ESF 

Bit 

Number 


F-Bit 
Assignment 


FPS 


FDL 


CRC 


1 





— 


m 


_ 


2 


193 


— 


— 


CB1 


3 


386 


— 


m 


— 


4 


579 





— 


— 


5 


772 


— 


m 


— 


6 


965 


— 


— 


CB2 


7 


1158 


— 


m 


— 


8 


1351 





— 


— 


9 


1544 


_ 


m 


_ 


10 


1737 


— 


— 


CBS 


11 


1930 


— 


m 


— 


12 


2123 


1 


— 


— 


13 


2316 


— 


m 


— 


14 


2509 


— 


— 


CB4 


15 


2702 


— 


m 


— 


16 


2895 





— 


— 


17 


3088 


— 


m 


— 


18 


3281 


— 


— 


CBS 


19 


3474 


— 


m 


__ 


20 


3667 


1 


— 


— 


21 


3860 


— 


m 


— 


22 


4053 


— 


— 


CB6 


23 


4246 


— 


m 


— 


24 


4439 


1 


— 


— 



Fs = Signaling Framing (Sequence ...001110...) 
Ft = Terminal Framing (Sequence ...101010...) 



FPS— Framing Pattern Sequence (...001011...) 

FDL— 4 kbps Facility Data Link (message bits m) 

CRC— CRC-6 Cyclic Redundancy Check (check bits CB1-CB6) 
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T1 FUNCTIONAL DESCRIPTION 

TRANSMIT SECTION 

The transmit section of the R8070 provides the data formatting, 
signaling and alarm indication functions required for PCM 
transmission according to CCITT G.733 and applicable sections 
of G.703. The AT&T technical advisories on Clear Channel and 
Extended Superframe Format are also supported. 

PCM Channel Data 

Data Input. Data is clocked into the transmitter either senally 
(via TSER) or in parallel form (via 11 -18), on the rising edge of 
the transmitter clock (TCLK). The externally provided TCLK 
normally has a rate of 1 .544 MHz for T1 and 1 .576 MHz for T1C. 

For a serial data interface, Transmit Sequence signals 
(TSQ1 -TSQ5) specify the binary value of the next channel to be 
sampled. These signals, which can be used for control of channel 
banks, may be advanced by one bit time using Transmit 
Sequence Advance (TSA). The sequence of channel codes may 
be selected to meet D1D (1, 13, 2, 14, 3, etc.), D2 (12, 13, 1, 
•17, 5, etc.) or D3 and D4 (1, 2, 3, 4, 5, etc.), using DID and 
D2 inputs. 

For a parallel data interface, timing signals are output at the 
channel rate (TCHCLK) and at the frame rate (TCHSYNC) for 
clocking data interface circuits. 

Data Output. The serial PCM data is clocked out of the transmit- 
ter on the rising edge of TCLK and is available on two outputs 
simultaneously (TNRZ, TPOS and TNEG). TNRZ provides a 
standard, nonreturn-to-zero (NRZ) TTL level version of the data. 
TPOS and TNEG carry the same NRZ TTL level data as TNRZ 
except that the Is are routed alternately to TPOS and TNEG. 
This facilitates the translation into the Alternate Mark Inversion 
(AMI) line code, where Is are represented alternately as positive 
and negative pulses. 

Loopback. The outputs TPOS and TNEG may be internally con- 
nected to RPOS and RNEG (TLOOP high) for loopback testing. 
During loopback, the external TPOS and TNEG carry a con- 
tinuous stream of Is; TNRZ is unaffected. 



Idle Code. Idle code (01111111) may be substituted in place of 
the normal channel data, on a channel-by-channel basis, using 
TIDLE. 

B8ZS Encoding and B7 Stuffing. B8ZS encoding is handled 
automatically by the R8070. The entire data stream, including 
F (and L) bits, is scanned for an occurrence of 8 consecutive 
zeros. Any such occurrence is replaced by the appropriate B8ZS 
code. The B8ZS encoder may be disabled by connecting RPOS 
to RNEG (and using an NRZ form of input data). This invokes 
the transparent mode where zeros are transmitted as zeros, 
regardless of the Is density. This may be used for testing or for 
systems that guarantee Is density by other means. B8ZS 
encoding applies only to the TPOS and TNEG outputs; TNRZ 
is unaffected. 

In B7 stuffing, bit 7, the next least significant bit, is forced to a 
1 if the channel data would otherwise be ail Os. No extra bit is 
"stuffed". The F and L bits are unaffected. B7 stuffing is applied 
to outputs TPOS/TNEG and TNRZ. 

Frame and Multiframe Formatting 

The transmitter contains frame and multiframe counters which 
maintain the correct PCM format by inserting Ft and Fs bits (T1 
modes with signaling; 193S, 197S), Ft (T1 nonsignaling modes; 
193N, 197N) and Framing Pattern Sequence (FPS), Facility Data 
Link (FDL) bits and Cyclic Redundancy Check (CRC) bits 
(Extended Superframe Format). 

The required F-bit is generated by the R8070 and output on 
TFGEN. The input TFSIG is sampled to obtain the F-bit. 
Normally, TFGEN would be connected directly to TFSIG, but 
externally supplied F-bit patterns may be multiplexed into TFSIG, 
if required. 

The frame counter may be reset to bit 1 , channel 1 (TFSYNC 
high), and the multiframe counter may be reset to frame 1 
(TMSYNC high). 



T1 Operating Mode Selection and Characteristics 



Mode 


Data Rate 
(Mbps) 


Bits/Frame 


Frames/Multlframe 


Signaling 


Zero Suppression 


IMode Select Lines 


PCM Format 


Ml 


M2 


M3 


M4 


1938 
1938 
193N 
193N 


1.544 


193 


12 

12 

4 

4 


Yes 
Yes 
No 
No 


B8ZS 
B7 

B8ZS 
B7 


1 

1 






1 
1 










T1 (D4) 


193E 
193E 
193F 


1.544 


193 


24 
24 
24 


Yes 
Yes 
Special 


B8ZS 

B7 

B8ZS 


1 



1 


1 
1 






1 
1 
1 


Extended 
Superframe 
Format (ESF) 


1978 
197N 


1 576 


197 


12 
4 


Yes 
No 


Transparent 
Transparent 


1 
1 




1 










TIC 


Notes: B7. Bit 7 is forced to a 1 (stuffed) on an otherwise all zero channel. 
B8ZS- Bipolar S-zero substitution. 
Transparent. No zero suppression or substitution. 
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Signaling and Link Data 

Robbed'bit Signaling 

193S and 197S Modes. The R8070 implements robbed bit 
signaling by inserting an A signaling bit into bit 8 of each chan- 
nel in frame 6, and a B signaling bit into bit 8 of each channel 
in frame 12. These bits replace the original LSB of the channel 
data. The A and B signaling bits are input via TA and TB or via 
TSER (selected by TSIGMD). Robbed-bit signaling may be 
defeated, if not required, by connecting TA and TB to T8 for the 
Parallel Interface, or by selecting TSER as the source (and not 
Inserting signaling bits) for the Serial Interface. 

193N and 197N IModes. No signaling is used in this mode. The 
standard Fs bit pattern is not generated, but an external Fs 
pattern may be used, e.g., for SLC-96 applications. See S-bit 
signaling. 

193E Mode. The R8070 implements robbed-bit signaling by 
inserting an A signaling bit into bit 8 of every channel in frame 6, 
B-blts in frame 12, C-bits in frame 18 and D-bits in frame 24. 
These bits replace the original LSB of the channel data. The 
A- and C-bits are input via TA(C); the B- and D-bits are input 
via TB(D). TSIGSEL or TSIGSQ may be used to gate the appro- 
priate bits to the signaling inputs. 

193F Mode. ABCD signaling is not used. Instead, this mode is 
suitable for common channel signaling schemes where one 
channel (e.g., channel 24) is dedicated for interoffice signaling. 

Link Data 

193E and 193F Modes. In Extended Superframe Format, half 
of the F-bits are allocated for a Facility Data Link at 4 kbps. TLINK 
is the input for link data, which may be clocked externally by 
TLCLK. 

197N and 1978 Modes. In the TIC modes there are 4 link bits 
(L-bits) in addition to the normal 193 bits in a T1 frame, making 
a total of 197 bits. These L-bits follow channels 6, 12, 18 and 
24 (the L-bit follows the F-bit). The L-blts are input via TLINK, 
using TLCLK to clock external circuitry. The input data rate is 
32 kbps. The link data reappears on TFGEN after being sampled 
at TLINK, and is then input to TFSIG. If TFGEN is not connected 
directly to TFSIG, then the link data must be multiplexed into 
TFSIG by the user, rather than input via TLINK. 

S'Bit Signaling 

193N and 197N Modes. In 193N and 197N modes, the R8070 
does not provide the standard Fs bit pattern. Instead, Fs (S-bit) 
may be externally supplied via TSBIT using TSBCLK to clock 
external circuits. The Fs bit will be inserted into the data stream 
at the appropriate time, but does not appear on TFGEN. 

Alarms 

A Yellow Alarm is transmitted, with a format appropriate to the 
selected mode, when requested by TYEL. In 193S mode, two 
formats are supported (bit 2 = or S-bit of frame 12 = 1). These 
are selected by YELMD for both the transmitter and receiver. 



Clocks 

The R8070 
multiframe 
circuitry. 

Rate 

Bit 

Channel 
Frame 



Multiframe 



provides clock signals at the bit, channel, frame and 
rate to facilitate data clocking and timing of external 



Clock Description 

TCLK Same period as bit time. Rising edge 

clocks all inputs and outputs. 

TCHCLK T1-T8 sampled at the rising edge. 

TCHSYNC High for sampling of channel 24. 
TLCLK Indicates TLINK sampling. 

TSBCLK Indicates TSBIT sampling. 

TMAX High for sampling of the next to last 

bit in multiframe. 
TFR24 High for sampling of frame 24 (1 93F). 



RECEIVE SECTION 

The receive section of the R8070 provides the synchronization, 
signaling and alarm indication functions required for reception 
of PCM data formatted according to CCITT G.733 and applicable 
sections of G.703. The AT&T technical advisories on Clear 
Channel and Extended Superframe Format are also supported. 



PCM Channel Data 

Data Input. Received unipolar data on RPOS, derived from the 
received positive pulses, and RNEG, derived from the received 
negative pulses, is clocked into the receiver on the rising edge 
of RCLK. 

Data Output. The received data is clocked out on the rising edge 
of RCLK and is available in serial form on RSER and also, if a 
Parallel Interface is selected, in parallel (8-bit channel) form on 
R1-R8. The parallel output R8 is also available for the Serial Inter- 
face, so that robbed signaling bits may be recovered. 

For a serial data interface, Receive Sequence signals 
(RSQ1-RSQ5) specify the binary value of the current channel. 
The sequence may be retarded by one bit-time using Receive 
Sequence Retard (RSR). If RSHIFT is high, the sequence is 
"shifted" (upper bank and lower bank channel numbers are inter- 
changed), so that channel 1 becomes 13, 2 becomes 14, and 
so on. F-bit and L-bit codes remain the same. 

For a parallel data interface, timing signals are provided at the 
channel rate (RCHCLK) and the frame rate (RCHSYNC) for clock- 
ing data interface circuits. RWIHBT is high for 2 bit times to 
"cover" the change of data on R1-R8. This may be used to inhibit 
the write signal for external memory. 

Loopback. Under control of TLOOP, the normal external inputs 
on RPOS and RNEG may be replaced with an internal loopback 
to the internal TPOS and TNEG. When switching in and out of 
loopback, resynchronization will usually take place because the 
two signals will not normally have identical framing. 
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idle and Digital Milliwatt Codes. The normal received data may 
be replaced, on a channel-by-channel basis, either with Idle code 
(using RIDLE) or with digital milliwatt (using RMW). 

B8ZS Decoding and B7 Stuffing. B8ZS decoding is handled 
automatically by the R8070. The incoming data stream is scanned 
for occurrences of the B8ZS code. These are replaced with 8 
zeros, thus restoring the original data. Both serial (RSER) and 
parallel (R1-R8) data outputs include B8ZS corrections. 

Bit 7 stuffing produces a forced error (v^hich is acceptable for 
a voice channel, but not data), so the receiver cannot recover 
the original data. 



193E Mode. The A, B, C and D signaling bits may b^ recovered 
from the parallel output R8, which is always available, regardless 
of whether a Serial or Parallel Interface is selected. RSIG is high 
for the duration of frames 6, 12, 18 and 24, which contain the 
A-, B-, C- and D-bits, respectively. These bits may be distin- 
guished by examining RSIGBD and RSIGCD. RSBCLK occurs 
one bit time after these sjgnals and thus provides a convenient 
clock. 

193F Mode. Robbed-bit signaling is not used in this mode. If 
common channel signaling is employed, the signaling informa- 
tion IS contained in a data channel and is recovered in the same 
way as the channel data. 

Link Data 



Synchronization 

The serial bit stream at RPOS and RNEG is examined by the 
synchronizer, and the framing pattern is located through a five- 
stage process that eliminates erroneous bit candidates, 
•Synchronization is achieved in less than 10 ms. 

A generalized form of the synchronization algorithm is described 
in the R8070 Designer's Guide (Order No. 313). After a power-up 
reset (PUP low for at least 16 cycles), the receiver begins to 
search for frame and multiframe alignment. When synchroniza- 
tion is achieved, the receiver monitors the frame and multiframe 
alignment signals for errors. A Red Alarm is generated (RRED 
high) if frame alignment is lost. The criterion for loss of frame 
alignment in all T-carrier modes is "2 out of 5" errors in the Ft 
pattern. 

The receiver can be forced to restart a synchronization search 
(RMRST high) or to skip a bit while synchronized (RSRCH low). 

D1D and D2 high prevents resynchronization after loss of frame 
alignment. The sequential channel assignment of D4 is assumed 
for RSQ1-RSQ5 and TSQ1-TSQ5. This mode of operation may 
be used during testing. 



1 93E and 1 93F Modes. The 4 kbps Facility Data Link bits, con- 
tained within the F-bit structure of the Extended Superframe 
Format, are recovered at RLINK using RLCLK as a clock. 

1 97N and, 1 97S Modes. The four link bits per frame of the T1 C 
mode are recovered at RLINK with RLCLK as a clock. 

S'bit Signaling 

193N and 197N Modes. In 193N and 197N modes, the user- 
supplied S-bits (Fs) are recovered at RSBIT with RSBCLK as a 
clock. In SLC-96 applications, which use the Fs bit for signal- 
ing, an input RS96E is provided which locks the currently 
received Fs pattern, thus maintaining Fs dependent signals such 
as RSIG, RSIGSQ and RSBCLK. 



Alarms 








Name 


Mode 




Alarm Indication 


RRED 


All 




Loss of frame alignment. 


RYEL 


All 




Yellow Alarm. 


ERR 


193E 




FPS (Framing) or CRC error. 


FERR 


All but 193E 


Frame alignment error. 


CKERR 


193F 




CRC error. 


SERR 


193S, 


197S 


S-bit error. 


RVLL 


All 




Bipolar violation. Loss of carrier. 



Signaling and Link Data 

Robbed'bit Signaling 

193S and 197S Modes. The A and B signaling bits may be 
recovered from the parallel output R8, which is always available 
regardless of whether a Serial or Parallel Interface is selected. 
RSIG is high for the duration of frame 6 and frame 12, which 
contain the A- and B-bits, respectively. In addition, RSIGSQ 
rising edge indicates the start of frame 6, and the falling edge 
indicates the start of frame 12. These two timing signals allow 
the external circuitry to recover the A and B signaling bits. RSBIT 
takes the value of the last received Fs (S-bit). RSBCLK rising 
edge provides a convenient clock for RSBIT and RSIGSQ, as 
it succeeds them by one bit time. 

193N and 197N Modes. No robbed-bit signaling is used in these 
modes. See S-bit signaling. 



Clocks 

The R8070 provides clock signals at the bit, channel, frame and 
multiframe rate to facilitate data clocking and timing of external 
circuitry. 

Rate Clock Description 

Bit RCLK Same period as bit time. Rising 

edge clocks all inputs and outputs. 



Channel 



Frame 



RCHCLK 
RWIHBT 



RCHSYNC 
RLCLK 



Multiframe RSYNC 
RMFA 



R1-R8 changes at the rising edge. 
Memory-write inhibit at R1-R8 
change. 

High for output of channel 24. 
Indicates RLINK data bit ready. 

High for first F-bit of multiframe. 
High during frame 24 (193F). 
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■^ TA/TA(C)/TSBIT (lA) 












-^ TB/TB(D) (IB) 


FRAMING 










-^ TLINK/YELMD (IC) 


MODE- 










-^ TFSIG (ID) 


. DEPENDENT 












TRANSMIT 










TFR24 


INTERFACE 










► TLCLK (OH) 












► TFGEN (OJ) 












►TNRZ 












— ►TMAX 










TRANSMITTER 


-^ TFSYNC 

-^ TMSYNC 

-^ TLOOP 

-^ TIDLE 

-^ TYEL 


DEDICATED 

' TRANSMIT 

INTERFACE 




f K 














5 > TSQ1-TSQ5 


(PS09-PS013) 




DEDICATED 
TRANSMIT 
INTERFACE "^ 
TO LIU 


TCLK ► 




► TCHCLK (PS09) 

— ► TCHSYNC (PSO10) 


PARALLEL 


►TSIGSQ 


(PS06) 


SERIAL 


TPOS-^— 






. TRANSMIT 


-^ TSER 


(PSI1) 


- TRANSMIT 


TNEG-^— 




yL_ 


INTERFACE 


-^ TSIGMD 


(PSI2) 


INTERFACE 






{ 8] T1-T8 (PSI1-PSI8) 




^ * 


(PSI3) 










N— ^ J 




-^ TSA 


(PSI4) J 













-^ D1D 

-< D2 


(»'5>»0 J INTERFACE 








— K 




■^ RSHIFT 


(PSI5) 1 










8 > R1-R8 (PS01-PS08) 




■^— RSR 


(PSI8) 




DEDICATED 


^ 




-v^ 


PARALLEL 


-N 




SERIAL 


RECEIVE 


RCLK — ► 






- RECEIVE 


5 >RSQ1-RSQ5 


(PS01-PS05) 


^ RECEIVE 


INTERFACE ' 


RPOS ^ 




► RCHCLK (PS011) 


INTERFACE 


-^ 




INTERFACE 


TO LIU 


RNEG ^ 




► RCHSYNC (PS012) 

►RWIHBT (PS013)^ 




►RSIGSQ 

►R8 


(PS07) 
(PS08) 




►RSER 










► RVLL 












►RYEL 












— ►RRED 


DEDICATED 










► RSYNC 


• RECEIVE 








RECEIVER 


■^ RMRST 

-^ RSRCH 

-^ RIDLE 

-^ RMW 

-^ RS96E/YELMD (IC) 

— ► RSIG/RMFA (OA) 
— ► RSBIT/RSIGBD (OB) 
— ► RSBCLK/CKERR/ (OC) 
RSIGCD 

► FERR/ERR (OD) 

— ► SERR (OE) 
— ► RLINK/MS1 (OF) 
— ► RLCLK/MS2 (OG). 


INTERFACE 

FRAMING 
MODE- 
- DEPENDENT 
RECEIVE 
INTERFACE 






PUP ► 




(4! M1-M4 






Vcc— ► 
Vss -♦ 


COMMON 


-^ P/S 


*TIE TO Vss FOR 








SERIAL INTERFACE 




R8070 
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Pin Assignments— Dedicated Signals 


Pin Name/Symbol 


f/0 


Pin No. 


Signal Name 


QUIP 


PLCC 


TCLK 




9 


10 


Transmit Clock 


TFSYNC 




3 


3 


Transmit Frame Sync 


TMSYNC 


1 


4 


4 


Transmit Multiframe Sync 


TLOOP 




16 


17 


Transmit Loop 


TIDLE 




15 


16 


Transmit Idle 


TYEL 




8 


8 


Transmit Yellow Alarm 


TPOS 





18 


19 


Transmit Unipolar Positive 


TNEG 





17 


18 


Transmit Unipolar Negative 


TNRZ 





19 


20 


Transmit Non-Return-to-Zero 


TMAX 





10 


11 


Transmit Maximum 


RCLK 




56 


59 


Receive Clock 


RPOS 




55 


58 


Receive Unipolar Positive 


RNEG 




54 


57 


Receive Unipolar Negative 


RIDLE 




53 


56 


Receive idle 


RMW 




52 


55 


Receive Milliwatt 


RMRST 




40 


42 


Receive Master Reset 


RSRCH 




41 


44 


Receive Search 


RSER 





50 


53 


Receive Senal Data 


RSYNC 





37 


39 


Receive Sync 


RVLL 





28 


30 


Receive Bipolar Violation, Loss of Carner 


RYEL 





51 


54 


Receive Yellow Alarm 


RRED 





38 


40 


Receive Red Alarm 


M1 




11 


12 


Framing Mode Select 1 


M2 




12 


13 


Framing Mode Select 2 


M3 




13 


14 


Framing Mode Select 3 


M4 




14 


15 


Framing Mode Select 4 


P/S 




32 


34 


Parallel/Serial Interface Select 


PUP 




39 


41 


Power-Up 


Vcc 




64 


68 


+ 5V Power 


Vss 




33 


35 


Ground 



Pin Assignments— Parallel/Serial Interface-Dependent Signals 



Pin Name 


I/O 


Pin No. 


Parallel Interface (P/S = High) 


Serial Interface (P/S = Low) | 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


PSI1 




2 


2 


T1-I 






TSER 


Transmit Serial 


PSi2 




1 


1 


T2 






TSIGMD 


Transmit Signaling Mode 


PSI3 




63 


67 


T3 






— 


See Note 1 


PSI4 
PSI5 




62 
61 


66 
65 


T4 
T5 


' 


Transmit Channel Data Bits 1-8 


TSA 
RSHIFT 


Transmit Sequence Advance 
Receive Shift 


psie 




60 


64 


T6 






DID 


DID Channel Sequence Select 


PSI7 




59 


63 


T7 






D2 


D2 Channel Sequence Select 


PSI8 




58 


62 


T8J 






RSR 


Receiver Sequence Retard 


PS01 





49 


52 


Rin 






RSQil 






PS02 





48 


51 


R2 






RSQ2 






PS03 





47 


50 


R3 






RSQ3 


' 


Receive Sequence Code Bits 1-5 


PS04 
PS05 






46 
45 


49 
48 


R4 
R5 


- 


Receive Channel Data Bits 1-8 


RSQ4 
RSQ5. 






PS06 





44 


47 


R6 






TSIGSQ2 


Transmit Signaling Square Wave 


PS07 





43 


46 


R7 






RSIGSQ2 


Receive Signaling Square Wave 


PS08 





42 


45 


R8- 






R82 


Receive Data Bit 8 


PS09 





23 


24 


TCHCLK 


Transmit Channel Clock 


TSQ1 






PSO10 





24 


25 


TCHSYNC 


Transmit Channel Sync 


TSQ2 






PS011 





25 


27 


RCHCLK 


Receive Channel Clock 


TSQ3 


- 


Transmit Sequence Code Bits 1-5 


PS012 





26 


28 


RCHSYNC 


Receive Channel Sync 


TSQ4 






PS013 





27 


29 


RWIHBT 


Receive Write Inhibit 


TSQ5 J 






Notes: 














1. Not applicc 


ible to T 


1 modes; 


tie to GND 








2. Different s 


gnal th£ 


m CEPT n^ 


odes 
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Pin Assignments— Framing IVIode-Dependent Signals 



Pin Name 


I/O 


Pin No. 


193N Mode 


1938 Mode 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


lA 


1 


5 


5 


TSBIT 


Transmit S-Bit 


TA 


Transmit A Signaling 


IB 


1 


6 


6 


— 


See Note 1 


TB 


Transmit B Signaling 


IC 


1 


57 


61 


RS96E 


Receive SLC-96 Enable 


YELMD 


Yellow Alarm Mode 


ID 


1 


7 


7 


TFSIG 


Framing-Bit Signal 


TFSIG 


Framing-Bit Signal 


OA 





34 


36 


RSIG 


Receive Signaling Frame 


RSIG 


Receive Signaling Frame 


OB 





31 


33 


RSBIT 


Receive S-Bit 


RSBIT 


Receive S-Bit 


OC 





30 


32 


RSBCLK 


Receive S-Bit Clock 


RSBCLK 


Receive S-Bit Clock 


OD 





29 


31 


FERR 


Framing Error 


FERR 


Framing Error 


OE 





22 


23 


TSBCLK 


Transmit S-Bit Clock 


SERR 


S-Bit Errors 


OF 





35 


37 


MSI 


Master State Sequence Code, Bit 1 


MSI 


Master State Sequence Code, Bit 1 


OG 





36 


38 


MS2 


Master State Sequence Code, Bit 2 


MS2 


Master State Sequence Code, Bit 2 


OH 





21 


22 


— 


See Note 2 


— 


See Note 2 


OJ 





20 


21 


TFGEN 


Frammg-Bit Generator 


TFGEN 


Framing-Bit Generator 



Pin Name 


I/O 


Pin No. 


193F Mode 


193E Mode 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


lA 


1 


5 


5 


_ 


See Note 1 


TA(C) 


Transmit A(C) Signaling 


IB 


1 


6 


6 


— 


See Note 1 


TB(D) 


Transmit B(D) Signaling 


IC 


1 


57 


61 


TLINK 


Transmit Link 


TLINK 


Transmit Link 


ID 


1 


7 


7 


TFSIG 


Framing-Bit Signal 


TFSIG 


Framing-Bit Signal 


OA 





34 


36 


RMFA 


Receive Multiframe Alignment 


RSIG 


Receive Signaling Frame 


OB 





31 


33 


— 


See Note 2 


RSIGBD 


Receive Signaling B or D 


OC 





30 


32 


CKERR 


Cyclic Redundancy Check Bit Error 


RSIGCD 


Receive Signaling C or D 


OD 





29 


31 


FERR 


Framing Error 


ERR 


Framing or CRC Error 


OE 





22 


23 


TFR24 


Transmit Frame 24 


TSIGSEL 


Transmit Signaling Select 


OF 





35 


37 


RLINK 


Receive Data Link 


RLINK 


Receive Data Link 


OG 





36 


38 


RLCLK 


Receive Link Clock 


RLCLK 


Receive Link Clock 


OH 





21 


22 


TLCLK 


Transmit Link Clock 


TLCLK 


Transmit Link Clock 


OJ 





20 


21 


TFGEN 


Frammg-Bit Generator 


TFGEN 


Frammg-Bit Generator 



Pin Name 


I/O 


Pin No. 


197N Mode 


197S Mode 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


lA 


1 


5 


5 


TSBIT 


Transmit S-Bit 


TA 


Transmit A Signaling 


IB 


1 


6 


6 


__ 


See Note 1 


TB 


Transmit B Signaling 


IC 


1 


57 


61 


TLINK 


Transmit Link 


TLINK 


Transmit Link 


ID 


1 


7 


7 


TFSIG 


Framing-Bit Signal 


TFSIG 


Frammg-Bit Signal 


OA 





34 


36 


RSIG 


Receive Signaling Frame 


RSIG 


Receive Signaling Frame 


OB 





31 


33 


RSBIT 


Receive S-Bit 


RSBIT 


Receive S-Bit 


OC 





30 


32 


RSBCLK 


Receive S-Bit Clock 


RSBCLK 


Receive S-Bit Clock 


OD 





29 


31 


FERR 


Framing Error 


FERR 


Framing Error 


OE 





22 


23 


TSBCLK 


Transmit S-Bit Clock 


SERR 


S-Bit Errors 


OF 





35 


37 


RLINK 


Receive Data Link 


RLINK 


Receive Data Link 


OG 





36 


38 


RLCLK 


Receive Link Clock 


RLCLK 


Receive Link Clock 


OH 





21 


22 


TLCLK 


Transmit Link Clock 


TLCLK 


Transmit Link Clock 


OJ 





20 


21 


TFGEN 


Frammg-Bit Generator 


TFGEN 


Framing-Bit Generator 


Notes: 














1 Test input, 


tie to a 


high level 










2. Test outpu 


t, leave 


open (unconnected 
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Signal Definitions — Dedicated Signals 



Pin Name/ 
Symbol 


I/O 


Signal Name/Description 


TCLK 

TFSYNC 

TMSYNC 

TLOOP 

TIDLE 
TYEL 


1 
1 

1 

1 
1 


Transmit Clock. TCLK is the transmitter clock input and must be present for normal transceiver (transmitter or 
receiver) operation. TCLK must be in the range 100 kHz - 3.1 MHz and will normally be 1.544 MHz for T1 and 
1.576 MHz for 1/2 TIC. All inputs and outputs are clocked on the nsing edge of TCLK. 

Transmit Frame Sync. TFSYNC high resets the bit counter to the beginning of a frame. The counter restarts on the 
first rising edge of TCLK after TFSYNC goes low TFSYNC should be synchronous with TCLK to ensure setup and 
hold times. TFSYNC need only be applied to change the transmitter frame alignment. 

Transmit Multiframe Sync. TMSYNC high resets the frame counter to frame 1. TMSYNC low enables the frame 
counter. TMSYNC need only be applied to change the transmitter multiframe alignment. TFSYNC is normally 
applied with TMSYNC to align to the first bit of the multiframe. 

Transmit Loop. TLOOP high invokes loopback mode, where TPOS and TNEG are internally routed to RPOS and 
RNEG, respectively. TPOS and TNEG external signals carry alternate Is representing a continuous stream of 1s. 
TLOOP does not affect TNRZ. This internal looping has one bit time less delay than an equivalent external looping. 

Transmit Idle. TIDLE high causes the idle code (01111111) to be transmitted in the next channel, in place of the 
normal data. This substitution continues for each channel in which TIDLE is high. 

Transmit Yellow Alarm. TYEL high causes transmission of a Yellow Alarm in the following formats: 

Mode Format 

193N, 193S (YELMD = 0), 197N, 197S Bit 2 = in all data channels 

193S (YELMD = 1) S-bit high in frame 12 

193F, 193E 8 Os, 8 Is pattern on data link 


IPOS. TNEG 

TNRZ 
TMAX 








Transmit Unipolar Positive, Unipolar Negative. TPOS and TNEG are the "unipolar-paired" TTL, NRZ outputs for 
transmitted data Binary is coded as a low (0) level on both outputs Binary 1 is coded as a high (1) level on 
TPOS or TNEG, alternately. TPOS and TNEG allow the direct generation of AMI line code in which a 1 (mark) is 
alternately represented as a positive or negative pulse. There is an 8-bit throughput delay between the TSER input 
and the TPOS/TNEG outputs. 

Transmit Non-Return-to-Zero. TNRZ is the TTL, NRZ output for transmitted data. This output is unaffected by 
TLOOP or by B8ZS zero suppression coding. There is an 8-bit throughput delay between the TSER Input and the 
TNRZ output. 

Transmit Maximum. TMAX is high for one bit time per multiframe coincident with the sampling of bit 7 of channel 
24 of the last frame (2 bit times before sampling the first F-bit of a multiframe). 


RCLK 
RPOS, RNEG 

RIDLE 

RMW 

RMRST 
RSRCH 


1 
1 

1 


Receive Clock. RCLK is the receiver clock input and must be present for normal transceiver operation. All inputs 
and outputs are clocked on the rising edge of RCLK. RCLK must be in the range 100 kHz - 3.1 MHz and will 
normally be 1.544 MHz for T1 and 1.576 MHz for 1/2 TIC. 

Receive Unipolar Positive, Unipolar Negative. RPOS and RNEG are the inputs for received data recovered from 
the positive and negative AMI line pulses. RPOS and RNEG should have TTL levels and may be of either NRZ or 
RZ form. If RPOS is strapped to RNEG (and given composite RPOS/RNEG data) the first occurrence of a 1 will 
invoke the transparent mode in which B8ZS zero suppression is disabled in both the receiver and the transmitter. 

Receive Idle. RIDLE high causes data in the next received channel to be substituted with the idle code (01111111). 
The substitution continues for each channel in which RIDLE is high. RIDLE and RMW should not be high 
simultaneously. 

Receive Milliwatt. RMW high causes data in the next received channel to be substituted with the digital milliwatt 
code; a repeating pattern of eight 8-bit bytes that translate into a 1 kHz signal at a level of 1 mW. The substitution is 
performed for each channel in which RMW is high. RMW and RIDLE should not be high simultaneously. 

Receive Master Reset. RMRST high resets the master state sequencer in the synchronizer to Its initial (WAIT) state. 
RMRST low allows synchronization to proceed. 

Receive Search. RSRCH low prevents the master state sequencer in the synchronizer from proceeding out of the 
WAIT state. It does not force the synchronizer to the WAIT state (see RMRST). If RSRCH is low while the receiver is 
in frame alignment (RRED low), bit 5 of channel 1, frame 1 is skipped. This allows recentering of elastic stores. 
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T1 INTERFACE DESCRIPTION (Cont'd) 

Signal Definitions — Dedicated Signals (Cont'd) 



Pin Name/ 
Symbol 


I/O 


Signal Name/Description 


RSER 

RSYNC 
RVLL 

RYEL 
RRED 











Receive Serial Data. RSER is the serial data output including F-bits and L-bits and after B8ZS decoding, if 
applicable. The throughput delay from RPOS/RNEG to RSER is 14 cycles of RCLK. RSER is always valid, 
regardless of the synchronizer state. 

Receive Sync. RSYNC is high during the first F-bit of each multiframe while the receiver is synchronized. 

Receive Bipolar Violation, Loss of Carrier. RVLL high indicates that the 1 currently at RSER resulted from a 
bipolar violation. RVLL also goes high after 31 consecutive Os at RSER, to indicate "loss of carrier". The first 
received 1 (if non-bipolar violation) resets RVLL. These two signals are distinguished by the level on RSER. 

Receive Yellow Alarm. RYEL high indicates a received Yellow Alarm for the following conditions: 

Mode Condition 

193N, 193S (YELMD = 0), 197N, 197S Bit 2 = for 255 consecutive channels 

193S (YELMD = 1) S-bit high in frame 12 

193F, 193E 16 ±1 sets of 8 Os, 8 Is on data link 

Receive Red Alarm. RRED high indicates loss of frame alignment. RRED low indicates correct frame alignment. 
Multiframe alignment is separately indicated. 


M1-M4 

P/S 
PUP 

Vcc 
Vss 


1 

1 

1 

1 
1 


Framing Mode Select. M1-M4 select the framing mode as follows (See the T1 Mode Selection Table tor additional 
mode information): 

Ml M2 MS M4 T1 Mode Zero Suppression 
10 10 193S B8ZS 
10 193S B7 

1110 193N B8ZS 
110 193N B7 

1111 193E B8ZS 
111 193E B7 
10 11 193F B8ZS 
10 197S Transparent 
110 197N Transparent 

Parallel/Serial Interface Select. P/S selects parallel (P/S high) or serial (P/S low) operation of the PSI1-PSI8 and 
PS01-PS013 pins 

Power-up. PUP initializes the R8070 transmitter and receiver It includes TFSYNC, TMSYNC and RMRST reset 
functions. PUP sets all outputs, except OJ, to a high-impedance state, to facilitate testing of peripheral circuitry. 

+ 5V Power. +5 VDC power 

Ground. Power and signal ground 
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T1 INTERFACE DESCRIPTION (Cont'd) 

Signal Definitions — Parallei/Serial Interface-Dependent Signals 

a. Parallel Interface (P/S = High) 



Pin Name/ 
Symbol 


I/O 


Symbol 


Signal Name/Description 


PSI1-PSI8 


1 


T1-T8 


Transmit Channel Data Bits 1-8. T1-T8 are the parallel inputs for channel data. They are clocked 
into the transmitter at the rising edge of TCHCLK, by the rising edge of TCLK. The falling edge of 
TCHCLK may be used to present the next channel data at T1-T8. 


PS01-PS08 

PS09 
PSO10 
PS011 
PS012 
PS013 











R1-R8 

TCHCLK 

TCHSYNC 

RCHCLK 

RCHSYNC 

RWIHBT 


Receive Channel Data Bits 1-8. R1-R8 are the parallel outputs for channel data. F-bits and L-bits 
are excluded; "robbed" signaling bits are included on R8. The channel data is available for a 
complete channel time and is updated at the rising edge of RCHCLK. The falling edge of RCHCLK 
may be used to clock this data into external buffers. R1-R8 are only valid while the receiver is 
synchronized; RSER, the serial data output, is always available and always valid. 

Transmit Channel Clock. TCHCLK is a channel-rate clock whose rising edge indicates that parallel 
data on T1-T8 is being sampled The falling edge is used to present the next channel's data on 
T1-T8. TCHCLK is low for 4 bit times. 

Transmit Channel Sync. TCHSYNC is a frame-rate signal which is high for 8 bit times, prior to the 
sampling of channel 1. The rising edge precedes channel 24 sampling by one bit time; the falling 
edge precedes channel 1 sampling by one bit time. 

Receive Channel Clock. RCHCLK is a channel-rate clock whose rising edge indicates that new 
channel data has been output to R1-R8. The falling edge may be used to clock this data into 
external buffers. RCHCLK is high for 4 bit times. 

Receive Channel Sync. RCHSYNC is a frame-rate signal which is high for 9 (193) or 10 (197) bit 
times. The rising edge occurs one bit time after the output of channel 24 data on R1-R8. The falling 
edge occurs one bit time after the output of channel 1 data on R1-R8. 

Receive Write Inhibit. RWIHBT is a channel-rate signal, 2 bit times high, which "covers" the 
change of parallel data on R1-R8. RWIHBT is high for one bit time before and after the rising edge 
of RCHCLK. 
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T1 INTERFACE DESCRIPTION (Cont'd) 

Signal Definitions — Parallel/Serial Interface-Dependent Signals 

b. Serial Interface (P/S = Low) 



Pin Name/ 
Symbol 


I/O 


Symbol 


Signal Name/Description 


PSI1 
PSI2 

PSI3 
PSI4 

PSI5 

PSI6, PSI7 

PSI8 


1 


TSER 
TSIGMD 

TSA 
RSHIFT 
DID, D2 

RSR 


Transmit Serial. TSER is the serial input for the channel data and, optionally, signaling data 

Transmit Signaling IVIode. TSIGMD selects the source for "robbed" signaling bits. If low, TA and 
TB (193S and 1978) or TA(C) and TB(D) (193E) are the source. If high, TSER is the source. 

PSI3. Not applicable to T1 modes, tie to ground 

Transmit Sequence Advance. TSA high advances the standard timing of TSQ1-TSQ5 and TSIGSQ 
by one bit time 

Receive Shift. RSHIFT high shifts the RSQ1-RSQ5 sequence of channel numbers from 1 to 13, 2 
to 14, . 12 to 24 The F-bit and L-bit codes are unaffected 

Channel Sequence Select. DID and D2 select the sequence of channel numbers according to 
DID, D2, D3 or D4 channel assignments. 

D2 DID Channel Assignment 

D3, D4 

1 DID 

1 D2 

1 1 D3, D4 plus synchronization lock 

(inhibits resync after loss of frame alignment) 

Receive Sequence Retard. RSR high delays the standard timing of RSQ1-RSQ5 and RSIGSQ by 
one bit time 


PS01-PS05 

PS06 

PS07 

PS08 
PS09-PS013 







o 




RSQ1-RSQ5 

TSIGSQ 

RSIGSQ 

R8 
TSQ1-TSQ5 


Receive Sequence Code Bits 1-5. RSQ1-RSQ5 is the binary value of the channel number (1-24) 
currently emerging from RSER. The sequence is selected by D1D and D2 to match D1D, D2, D3 or 
D4 channel assignments The code for F-bit is 00000 The codes for L-bit (197 modes) are- 11100 
(following channel 24), 11101 (channel 6), 11110 (channel 12) and 11111 (channel 18). 

Transmit Signaling Square Wave. TSIGSQ is a 2/3 kHz square wave which Is high for 

frames 6-11 (193S) or frames 6-11, 18-23 (193E) and low for other frames. TSIGSQ allows certain 

per-channel codecs to insert A and B signaling bits into TSER. 

Receive Signaling Square Wave. RSIGSQ is identical in form to TSIGSQ The rising edge 
precedes frames carrying A(C) signaling bits, the falling edge precedes frames carrying B(D) 
signaling bits 

Receive Data Bit 8. R8 carries bit 8 parallel channel data and is available for the complete 
channel time. R8 allows extraction of the "robbed" signaling bits, which are located in bit 8 

Transmit Sequence Code Bits 1-5. TSQ1-TSQ5 is the binary value of the channel number (1-24) 
currently being sampled at TSER. The channel assignment and codes for F-bit and L-bit are 
identical to those in RSQ1-RSQ5. 
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T1 INTERFACE DESCRIPTION (Cont'd) 

Signal Definitions — Framing iUode-Dependent Signals 



Pin 
Name 


I/O 


Signal 
Symbol 


Mode 


Signal Name/Description 


193N 


193S 


193F 


193E 


197N 


197S 


lA 


1 


TSBIT 

TA 

TA(C) 


• 


• 


- 


• 


• 


• 


Transmit S-Bit. TSBIT is the S-bit (Fs) input. 

Transmit A Signaling. TA is tiie A-bit input for robbed-bit signaling. 

Transmit A(C) Signaling. TA(C) is tiie A-bit (TSIGSEL low) or C-bit (TSIGSEL high) 
input for robbed-bit signaling. 


IB 


1 


IB 
TB(D) 


- 


• 


- 


• 


- 


• 


Transmit B Signaling. TB is the B-bit input for robbed-bit signaling. 

Transmit B(D) Signaling. TB(D) is the B-bit (TSIGSEL low) or D-bit (TSIGSEL high) 
input for robbed-bit signaling. 


IC 


1 


RS96E 
YELMD 

TLINK 


• 


• 


• 


• 


• 


• 


Receive SLC-96 Enable. RS96E selects the method for Fs recovery. If low, Fs is 
extracted from the incoming data. If high, the current Fs pattern is recirculated. 

Yellow Alarm Mode. YELMD selects the method for transmission and detection of 
Yellow Alarm. If low. Yellow Alarm is transmitted as bit 2 = in all data channels. If 
high. Yellow Alarm is transmitted as a 1 in the S-bit of frame 12. 

Transmit Link. TLINK is the serial data link input. The data rate is 4 kbps (193E, 
193F) or 32 kbps (197N, 197S). 


ID 


1 


TFSIG 


• 


• 


• 


• 


• 


• 


Framing-Bit Signal. TFSIG is the input for Ft and Fs bits and is sampled coincident 
with channel 1 parallel data. Connect to TFGEN for internally generated framing bits. 


OA 





RSIG 
RMFA 


• 


• 


• 


• 


• 


• 


Receive Signaling Frame. RSIG is high during the receipt of signaling frames, low 
for non-signaling frames. RSIG is held low for recent Ft or Fs errors. 

Receive Multiframe Alignment. RMFA is high during frame 24. Transitions coincide 
with the emergence of the F-bit at RSER. 


OB 





RSBIT 
RSIGBD 


• 


• 




• 


• 


• 


Receive S-Bit. RSBIT is the output of the last received S-bit. 

Receive Signaling B or D. RSIGBD is a 2 kHz square wave which is low for A- and 

C-bit signaling frames, and high for B- and D-bit signaling frames. RSIGBD, 
RSIGCD and RSIG are used to decode A, B, C and D signaling bits. (See RSIGCD.) 


OC 





RSBCLK 

CKERR 

RSIGCD 


• 


• 


• 


• 


• 


• 


Receive S-Bit Clock. RSBCLK is a 4 kHz square wave with a rising edge 1 bit time 
after the emergence of an S-bit (Fs) at RSER. 

Cyclic Redundancy Check Bit Error. CKERR high indicates an error in the current 
CRC bit at RSER. 

Receive Signaling C or D. RSIGCD is a 1/3 kHz square wave which is low for A- 
and B-bit signaling frames, and high for C- and D-bit signaling frames. (See 
RSIGBD.) 


OD 





FERR 
ERR 


• 


• 


• 


• 


• 


• 


Framing Error. FERR high indicates an error in the current framing bit at RSER. 

Framing or CRC Error. ERR high indicates an error in the current framing bit 
(RSIGBD high) or checksum bit (RSIGBD low) at RSER. 


OE 





TSBCLK 

SERR 

TFR24 
TSIGSEL 


• 


• 


• 


• 


• 


• 


Transmit S-BIt Clock. TSBCLK is a 4 kHz square wave whose rising edge occurs 
2 bit times after the sampling of TSBIT. 

S-Bit Errors. SERR high indicates one or more errors in the last five S-bits. SERR 
will remain high until the last five S-bits are correct. 

Transmit Frame 24. TFR24 is high during frame 24. 

Transmit Signaling Select. TSIGSEL is low for frames 2-13 (A- and B-bit sampling), 
and high for frames 14-24 and 1 (C- and D-bit sampling). Transitions coincide with 
F-bit sampling. 
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T1 INTERFACE DESCRIPTION (Cont'd) 

Signal Definitions — Framing IVIode-Dependent Signals (Cont'd) 



Pin 
Name 


I/O 


Signal 
Symbol 


Mode 


Signal Name/Description 


193N 


193S 


193F 


193E 


197N 


197S 


OF 





MS1 
RLINK 


• 


• 


• 


• 


• 


• 


Master State Sequence Code, Bit 1. MS1 is the least significant bit (bit 1) of master 
state sequence code MS1, MS2 and MS3 indicate the binary value of the current 
state of the receiver's synchronizer MS3 is the inverse of RRED 

(RRED) 
MS3 MS2 MS1 Master State 

Wait 
1 Initialize 
1 Search 

1 1 Demons 

1 Proving State 1 (P1) 
1 1 Proving State 2 (P2) 
1 1 Proving State 3 (P3) 

1 1 1 Multiframe Synchronization 

Receive Data Link. RLINK is the serial data link output The data rate matches that 
of TLINK 4 kbps (193E, 193F) or 32 kbps (197N, 197S) 


OG 





MS2 
RLCLK 


• 


• 


• 


• 


• 


• 


Master State Sequence Code, Bit 2. MS2 is bit 2 of the master state sequence 
code (See MS1 ) 

Receive Link Clock. RLCLK is a square wave whose rising edge occurs 2 bit times 
(193E, 193F) or 1 bit time (197N, 197S) after the received data on RLINK 


OH 





TLCLK 


— 


— 


• 


• 


• 


• 


Transmit Link Clock. TLCLK is a square wave whose rising edge occurs 4 bit times 
after the sampling of TLINK 


OJ 





TFGEN 


• 


. 


• 


• 


• 


• 


Framing-Bit Generator. TFGEN is the output of the framing pattern generator It 
includes the Ft and Fs bit (193S, 197S), Ft bit (193N, 197N) and framing, data link 
and CRC check bits (193E, 193F) 
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NOTE: 1. Serial Interface selected. 

2. TFSIG shown connectd to TFGEN. 























Transmit Signaling— Mode 193S and 1978 
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T1 WAVEFORMS (Cont'd) 
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[1 


n 
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TSBIT I " 



J \ r 
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r 



NOTE: 1. TFSIG shown connected to TFGEN. 
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NOTES: 

1. Serial Interface selected 

2. Standard S-Bit input shown 
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T1 WAVEFORMS (Cont'd) 
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NOTES: 1. N = 4 FOR MODE 193N, 12 FOR MODE 193S & 24 FOR MODES 193E & 193F 
2. END OF MULTIFRAME ONLY 
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NOTES: 1. N = 4 FOR MODE 193N, 12 FOR MODE 193S & 24 for MODES 193E & 193F 
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T1 WAVEFORMS (Cont'd) 
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NOTES: 1. N = 4 FOR MODE 193N, 12 FOR MODE 193S & 24 FOR MODES 193E & 193F 
2. DID, D2 & TSA = LOW 
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NOTES: 1. N = 4 FOR MODE 197N & 12 FOR MODE 197S 
2. D1D, D2 & TSA = LOW 
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RSQ52 A ^" ^^ s^Q ^°P^ Y ^" ^^ ^^Q ^QP^ \ / y ^" "* ^^Q ^Q°^ X 



NOTES: 1. N = 4 FOR MODE 197N & 12 FOR MODE 197S 
2. DID, D2, RSHIFT & RSR = LOW 



n 



Serial Interface— Receive Signals— Modes 197N & S 
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CEPT PCM.30 OVERVIEW 

CEPT PCM-30 FORMAT 

CEPT PCM-30 is a PCM format for time-division multiplexing 
30 voice (telephone) or data circuits onto a single transmission 
path. This path is normally a dual twisted-pair cable with digital 
repeaters. There Is a hierarchy of PCM formats within the CEPT 
PCM system that defines further time-division multiplexing of 
multiple PCM-30 lines. 

Prior to transmission, each voice circuit is sampled at 8 kHz using 
an 8-bit A-law companding analog-to-digital converter. The 
resulting 64 kbps (8 bits x 8 kHz) signal is time-division multi- 
plexed with 29 other sampled channels, plus 2 channels of align- 
ment and signaling bits, to produce a frame of 256 bits 
(32 channels x 8 bits). Since each voice circuit is sampled at 
8 kHz, the frame rate is 125 fis. To transmit 256 bits in 125 fis 
requires a bit rate of 2.048 Mbps, hence the standard CEPT 
PCM-30 clock frequency of 2.048 MHz. 

Signaling Data. Signaling data, such as on-hook and off-hook 
conditions, dialing digits, call progress, etc., associated with each 
voice circuit is transmitted within time slot 16. This is known as 
common channel signaling since a single (common) channel is 
dedicated for the signaling data of all voice circuits within the 
PCM link. 

In order for each channel to be distinguished at the receiver, 
a frame alignment signal (0011011) is transmitted in bits 2-8 
of time slot in alternating frames. The remaining bit 1 of time 
slot carries the International bit. In frames not containing the 
frame alignment signal, bit 2 is fixed at 1 to avoid imitation of 
that signal. The remaining bits carry National and International 
signaling and alarm indication for loss of frame alignment. 

In order for each frame to be distinguished at the receiver (for 
recovery of ABCD signaling data), a multiframe alignment signal 
is transmitted in bits 1-4 of time slot 16 of frame 0. Bit 6 of the 
same time slot indicates loss of multiframe alignment. Bits 5, 
7 and 8 carry Extra-bit signaling. 

To recap, the PCM structure consists of: a multiframe of 
16 frames; a frame of 32 time slots (30 voice channels plus 2 
alignment and signaling time slots); and 8 bits per time slot. 

Alarms and Error Conditions. In addition to channel and signal- 
ing data, CEPT defines several alarm and error conditions that 
must be monitored and reported. The principal alarms are: 

1 . Red Alarm 

2. Yellow Alarm 

3. Multiframe Red Alarm 

4. Multiframe Yellow Alarm 

A Red Alarm is produced by a receiver to indicate that it has 
lost frame alignment. A Yellow Alarm is returned to the trans- 
mitting terminal to report a loss of frame alignment at the 
receiving terminal. Normally, a CEPT terminal will use the 
receiver's Red Alarm to request that a Yellow Alarm be trans- 
mitted. The multiframe alarms refer to loss of multiframe 
alignment. 



The principal error conditions are: 

1 . Bipolar violation 

2. Frame alignment error 

3. Multiframe alignment error 

A bipolar violation is a failure to meet the Alternate Mark Inver- 
sion (AMI) line code of CEPT PCM-30. AMI dictates that 1s 
(marks) are transmitted alternately as positive or negative pulses; 
zeros are transmitted as zero volts. 

Clock Recovery. In order to guarantee adequate clock recovery 
from the received data, a minimum "ones density" must be 
observed. HDB3 represents a group of 4 zeros by a predefined 
code that includes an intentional bipolar violation. At the receiver, 
the code is recognized and the original 4 zeros are restored. 

The R8070 supports all major requirements of the CEPT PCM-30 
system, including channel data recovery, signaling, alarm indi- 
cation, error reporting, and zero suppression to satisfy the ones 
density requirement. 



CEPT MODES DESCRIPTION 

One of the two CEPT modes can be selected by configuring the 
M1-M4 lines as shown in the CEPT Mode Selection Table. 

256S IWode. The 256S mode implements CEPT PCM-30 format 
at 2.048 Mbps with 16 frames per multiframe and 32 time slots 
per frame. ABCD common channel signaling is supported in time 
slot 16. There are 256 bits per frame. 

The frame alignment signal (in time slot 0) and the multiframe 
alignment signal (in time slot 16) are generated by the R8070 
transmitter and recovered by the receiver. 

National-bit (time slot 0), International-bit (time slot 0) and Extra- 
bit (time slot 16) signaling is provided. 

HDB3 zero suppression is standard but may be disabled for 
transparent operation. 

256N IVIode. The 256N mode also implements CEPT PCM-30 
format at 2.048 Mbps but without ABCD common channel signal- 
ing. There are 2 frames per multiframe and 32 time slots per 
frame. A data link channel is implemented via time slot 16, in 
place of ABCD signaling. There are 256 bits per frame. 

The frame alignment signal in time slot is generated by the 
transmitter and recovered by the receiver. There is no multiframe 
alignment signal and so the multiframe structure degenerates 
to 2 frames, which are distinguished by time slot content. 

National-bit and International-bit signaling is provided in time 
slot 0. There is no Extra-bit signaling as time slot 16 is dedicated 
to the data link. 

HDB3 zero suppression is standard but may be disabled for 
transparent operation. 
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CERT PCM-30 OVERVIEW (Cont'd) 



a. EVEN FRAMES (0,2,4-14) 



110 1 



13 



b. ODD FRAMES (1,3,5-15) 
TIMESLOT Fl^l'l'l'^l' l'l' 



T!ME SLOT 16 

* 



EEEEZEEEEI 



b. FRAMES 1-15 



TIME SLOTS 1-15, 17-31 



CHANNEL DATA 




32 TIME SLOTS/FRAME 



16 FRAMES/WIULTIFRAME 



NOTES: I International Bit 
N National Bit 

A Alarm Indication Signal (Loss of Frame Alignment-Red Alarm) 
FAS Frame Alignment Signal, occupies alternate 
(but not necessarily even) frames 



ABCD ABCD Signaling Bits 

X Extra Bit 

Y Loss of Multiframe Alignment 

MAS Multiframe Alignment Signal 



CEPT PCM-30 Format 



CEPT PCM-30 Hierarchy 



Level 


Number of 


Bit Rate 


Number 


Voice Circuits 


(Mbps) 


1 


30 


2 048 


2 


120 


8 448 


3 


480 


34 368 


4 


1920 


139 264 


5 


7680 


565 148 



CEPT PCM-30 Time Slot and Channel Numbering 


Time Slot 


Channel 


Time Slot 


Channel 





FAS 


16 


MAS 


1 


1 


17 


16 


2 


2 


18 


17 


3 


3 


19 


18 


4 


4 


20 


19 


5 


5 


21 


20 


6 


6 


22 


21 


7 


7 


23 


22 


8 


8 


24 


23 


9 


9 


25 


24 


10 


10 


26 


25 


11 


11 


27 


26 


12 


12 


28 


27 


13 


13 


29 


28 


14 


14 


30 


29 


15 


15 


31 


30 


NOTES- FAS F 


rame Alignment Signal, Internationa! and 


^ 


Jational Bits, and Alarm Indication Signal (loss 


c 


f frame alignment) 


MAS ^ 


/lultiframe Alignment Signal, ABCD Signaling, 


E 


Extra Bits, and Loss of Multiframe Alignment 



6-74 



R8070 



T1/CEPT PCM Transceiver 



CEPT FUNCTIONAL DESCRIPTION 

TRANSMIT SECTION 

The transmit section of the R8070 provides the data formatting, 
signaling and alarm indication functions required for PCM 
transmission according to CCITT G.732 and applicable sections 
of G.703. 

PCM Channel Data 

Data Input. Data is clocked into the transmitter either serially 
(via TSER) or in parallel form (via T1-T8), on the rising edge 
of the transmitter clock (TCLK). The externally provided TCLK 
normally has a rate of 2.048 MHz. 

For a serial data interface, Transmit Sequence signals 
(TSQ1-TSQ5) specify the binary value of the next channel to 
be sampled. These signals, which can be used for control of 
channel banks, may be advanced by one bit time using Transmit 
Sequence Advance (TSA). 

For a parallel data interface, timing signals are provided at the 
channel rate (TCHCLK) and at the frame rate (TCHSYNC) for 
clocking data interface circuits. 

Data Output. The serial PCM data is clocked out of the trans- 
mitter on the rising edge of TCLK and is available on two outputs 
simultaneously (TNRZ, TPOS and TNEG). TNRZ provides a 
standard, nonreturn-to-zero (NRZ) TTL level version of the data. 
TPOS and TNEG carry the same NRZ TTL level data as TNRZ 
except that the 1s are routed alternately to TPOS and TNEG. 
This facilitates the translation into the Alternate Mark Inversion 
(AMI) line code, where 1s are represented alternately as positive 
and negative pulses. 

Loopback. The outputs TPOS and TNEG may be internally 
connected to RPOS and RNEG (TLOOP high) for loopback 
testing. During loopback, the external TPOS and TNEG carry 
a continuous stream of Is; TNRZ is unaffected. 

Idle Code. Idle code (01010100) may be substituted in place 
of the normal channel data, on a channel-by-channel basis, using 
TIDLE. 

HDB3 Encoding. HDB3 encoding is handled automatically by 
the R8070. The entire data stream, including time slots and 
16, is scanned for an occurrence of four consecutive zeros. Any 
such occurrence is replaced by the appropriate HDB3 code. The 
HDB3 encoder may be disabled by connecting RPOS to RNEG 
(and using an NRZ form of input data). This invokes the 
transparent mode where zeros are transmitted as zeros, 
regardless of the Is density. This may be used for testing or 



for systems that guarantee Is density by other means. HDB3 
encoding applies only to the TPOS and TNEG outputs; TNRZ 
is unaffected. 

Frame and Multiframe Formatting 

The transmitter contains frame and multiframe counters which 
maintain the correct PCM format by inserting the frame align- 
ment signal into time slot 0, and the multiframe alignment signal 
Into time slot 1 6. The frame counter may be reset to bit 1 , time 
slot (TFSYNC high), and the multiframe counter may be reset 
to frame (TMSYNC high). 

Signaling 

ABCD/Link Signaling. In 256S mode, the 8 bits of time slot 16 
of frames 1-15 contain two sets of ABCD signaling bits for 
channels 1-30. The ABCD signaling bits for transmission in time 
slot 16 are input via TABCD or TSER— selected by TSIGMD— 
(Serial Interface) or T1-T8 (Parallel Interface). TTS16 may be 
used to gate or clock in ABCD bits from external circuits. "All 
Is" may be transmitted in time slot 16 (TDATIS high). 

In 256N mode, there are 2 frames per multiframe and no 
multiframe alignment signal. Both time slots 16 carry data link 
information. If TSIGMD low, link bits are input via TSER 
(TLNKMD high, Serial Interface), T1-T8 (TLNKMD high, Parallel 
Interface) or TLINK (TLNKMD low). If TSIGMD high, the data 
link bits are set to 1. TTS16 may be used to clock link data to 
the TSER or T1-T8 inputs. TLCLK may be used to clock link 
data to the TLINK input. 

National-, International- and Extra-Bit Signaling. The National 
bits are located in bits 4-8 of time slot of nonf rame-alignment 
frames. The International bit is located in bit 1 of time slot 0. 
The Extra bits are located in bits 5, 7 and 8 of time slot 16, 
frame 0. 

These bits are input to the transmitter via TNBITS, TIBITS and 
TXBITS. For the Serial Interface, these inputs are sampled 
instead of TSER at the appropriate bit sampling time. TNSYNC 
may be used to gate the National bits to either TNBITS or TSER. 
For the Parallel Interface, these inputs are sampled and OR'd 
with the equivalent bit on the parallel inputs T1-T8. This allows 
either T1-T8 or TNBITS/TIBITS/TXBITS to be the source. 

In 256N mode, the Extra bits are not available, as both time slots 
16 carry link data. 

Alarms 

A Yellow Alarm is transmitted (bit 3 = 1 in time slot of 
nonframe-alignment frames) when requested by TYEL. 




CEPT Operating Mode Selection and Characteristics 



Mode 


Data Rate 
(Mbps) 


Bits/Frame 


Frames/Multiframe 


Signaling 


Zero Suppression 


Mode Select Lines 


PCM Format 


Ml 


M2 


MS 


M4 


2568 
256N 


2.048 


256 


16 
2 


Yes 
No 


HDB3 
HDB3 







1 










CEPT 
PCM-30 


Notes: HDB3: High Density Bipolar S-zero maximum 
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A Multiframe Yellow Alarm (bit 6 = 1 in time slot 16, frame 0) 
IS automatically transmitted if an error occurs in two consecutive 
multiframe alignment signals, or all time slot 16 bits are for 
at least one multiframe. 

Clocks 

The R8070 provides clock signals at the bit, channel, frame and 
multiframe rate to facilitate data clocking and timing of external 
circuitry. 



Rate 



Clock 



Description 



Bit TCLK Same period as bit time. Rising edge 

clocks all inputs and outputs. 

Channel TCHCLK T1-T8 sampled at the rising edge. 

Frame TCHSYNC High for sampling of time slot 

TTS16 High for sampling of time slot 16. 

TLCLK Indicates TLINK sampling. 

TNSYNC High for sampling of TNBITS. 

Multiframe TMAX High for sampling of the next to last 

bit m multiframe. 

TMFA High for sampling of frame 0. 



RECEIVE SECTION 

The receive section of the R8070 provides the synchronization, 
signaling and alarm indication functions required for reception 
of PCM data formatted according to CCiTT G.732 and applicable 
sections of G.703. 

PCM Channel Data 

Data Input. Received unipolar data on RPOS, derived from the 
received positive pulses, and RNEG, derived from the received 
negative pulses, is clocked into the receiver on the rising edge 
of RCLK. 

Data Output. The received data is clocked out on the rising edge 
of RCLK and is available in serial form on RSER and, if a Parallel 
Interface is selected, in parallel (8-bit channel) form on R1-R8. 

For a serial data interface, Receive Sequence signals 
(RSQ1-RSQ5) specify the binary value of the current channel 
The sequence may be retarded by one bit-time using Receive 
Sequence Retard (RSR). If RSHIFT is high, the sequence is 
"shifted" (upper bank and lower bank channel numbers are in- 
terchanged), so that channel time slot 1 becomes 16, 2 becomes 
17, and so on. Time slot and time slot 16 codes remain the 
same. 

For a parallel data interface, timing signals are provided at the 
channel rate (RCHCLK) and the frame rate (RCHSYNC) for 
clocking data interface circuits. RWIHBT is high for 2 bit times 
to "cover" the change of data on R1-R8. This may be used to 
inhibit the write signal for external memory 



Loopback. Under control of TLOOP, the normal external inputs 
on RPOS and RNEG may be replaced with an internal loopback 
to the internal TPOS and TNEG. When switching in and out of 
loopback, resynchronization will usually take place because the 
two signals will not normally have identical framing. 

Idle and Digital Milliwatt Codes. The normal received data may 
be replaced, on a channel-by-channel basis, either with Idle code 
(using RIDLE) or with digital milliwatt (using RMW). 

HDB3 Decoding. HDB3 decoding is handled automatically by 
the R8070. The incoming data stream is scanned for occur- 
rences of the HDB3 code. These are replaced with four zeros, 
thus restoring the original data. Both serial (RSER) and parallel 
(R1-R8) data outputs include HDB3 corrections. 

Synchronization 

The serial bit stream at RPOS and RNEG is examined by the 
synchronizer, and the framing pattern is located through a five- 
stage process that eliminates erroneous bit candidates. 
Synchronization is achieved in less than 10 ms. 

A generalized form of the synchronization algorithm is described 
in the R8070 Designer's Guide (Order No. 313). After a power-up 
reset (PUP low for at least 16 cycles), the receiver begins to 
search for frame and multiframe alignment. When synchroniza- 
tion is achieved, the receiver monitors the frame and multiframe 
alignment signals for errors. A Red Alarm is generated (RRED 
high) if frame alignment is lost; a Multiframe Red Alarm is 
generated (RMRED high) if multiframe alignment is lost. The 
critenon for loss of frame alignment is "4 out of 5" errors in the 
frame alignment signal or "3 out of 5" errors plus a multiframe 
alignment signal error. The critenon for loss of multiframe align- 
ment is 2 consecutive errors in the multiframe alignment signal. 

The receiver can be forced to restart a synchronization search 
(RMRST high) or to skip a bit while synchronized (RSRCH low). 

D1 D and D2 high prevents resynchronization after loss of frame 
alignment. This mode of operation may be used during testing. 

Signaling 

ABCD/Link Signaling. In 256S mode, with a Serial Interface, 
the ABCD signaling bits, contained within time slot 16 of 
frames 1-15 are output on RABCD. The 8-bit serial data on 
RABCD contains the ABCD bits in bit positions 1-4 and repeated 
in bit positions 5-8, aligned with the corresponding channel cur- 
rently emerging from RSER. During time slot 0, RABCD con- 
tains the multiframe alignment signal (0000) in bit positions 1-4, 
repeated in bit positions 5-8. During time slot 16, RABCD is not 
defined and should not be used. 

In 256S mode, with a Parallel Interface, time slot 16 data is 
available m parallel on R1-R8 with the normal channel timing. 
External circuitry is normally used to recover the ABCD bits for 
each channel. Each time slot 1 6 (of frames 1 -1 5) contains four 
signaling bits (ABCD) for each of a pair of channels. The 30 PCM 
channels are grouped into 15 pairs as follows: Channel 1 of the 
current frame with channel 16 of the previous frame; channel 2 
of the current frame with channel 1 7 of the previous frame, etc. 
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Note 

The CCITT numbering scheme for the 32 time slots per 
frame Is time slot through time slot 31 ; 30 of these time 
slots (1-15 and 17-31) are occupied by 30 PCM channels, 
referred to as channel time slots 1-15 and 16-30. 

RTS16 high indicates time slot 16 is currently available at R1-R8 
or RSER. 

In 256N mode, there is no multiframe alignment signal or ABCD 
signaling bits. Time slot 16 provides a 64 l<bps data link. Linl< 
data is output in serial form on RLINK in association with the 
clock, RLCLK at the same continuous 64 kbps rate as the input 
TLINK. 

RLINK1 high indicates reception of 255 consecutive Is in the 
data link channel (time slot 16). 

National-, international- and Extra-Bit Signaling. RNBITS, 
RIBITS AND RXBITS are timing signals which indicate when 
the respective N-, I- and X-bits are available on RSER. See the 
CEPT Transmit Section for bit locations. 

In 256N mode, the Extra bits are not available, as both time 
slots 16 carry link data. 

Alarms 



Clocks 

The R8070 provides clock signals at the bit, channel, frame and 
multiframe rate to facilitate data clocking and timing of external 
circuitry. 

Rate Clock Description 

Bit RCLK Same period as bit time. Rising edge 

clocks all inputs and outputs. 

Channel RCHCLK R1-R8 changes at the rising edge. 
RWIHBT Memory-write inhibit at R1-R8 
change. 

Frame RCHSYNC High for output of time slot 0. 

RTS16 High for output of time slot 16. 

RLCLK Indicates RLINK data bit ready. 

RNBITS High for output of National bits. 

RIBITS High for output of International bits. 

RXBITS High for output of Extra bits. 

Multiframe RSYNC High for first bit of multiframe. 
RMFA High during frame 0. 





Mode 


Name 


(N or S) 


RRED 


N, S 


RMRED 


S 


RYEL 


N, S 


RMYEL 


S 


FERR 


N 


FMERR 


S 


RVLL 


N, S 



Alarm Indication 

Loss of frame alignment. 

Loss of multiframe alignment. 

Yellow Alarm. 

Multiframe Yellow Alarm. 

Frame alignment error. 

Frame, multiframe alignment error. 

Bipolar violation. 
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-^ TIBITS (lA) ^ FRAMING 

-•— TNBITS (IB) r.oT^^ 








"^ TLINK/TDAT1S (IC) 

-^ TLNKMD/TXBITS (ID) 


- DEPENDENT 
TRANSMIT 












► TLCLK/TMFA (OH) 

' ► TTS16 (OJ) 


1 rl#^9^wlVBI 1 

INTERFACE 












► TNRZ 














►TMAX 












TRANSMITTER 


-^ TFSYNC 

^ TMSYNC 

■^ TLOOP 

-^ TIDLE 

"* ^TYEL 


DEDICATED 

- TRANSMIT 

INTERFACE 








' 


5> TSQ1-TSQ5 


(PS09-PS013) 




DEDICATED 
TRANSMIT 
INTERFACE ' 
TO LIU 


TCLK — -► 




► TCHCLK (PS09) 

► TCHSYNC (PSO10) 


PARALLEL 


►TNSYNC 


(PS06) 


SERIAL 


TPOS-^ — 






► TRANSMIT 


■^ TSER 


(PSI1) 


• TRANSMIT 


TNEG-^ — 




yl , 


INTERFACE 


-^ TSIGMD 


(PSI2) 


INTERFACE 


*■ 




r 8| T1~T8 (PSI1-PSI8) 




-^ TABCD 


(PSI3) 










N—" J 




-^— TSA 


(PSI4) 












-^- — D1D 

-m — D2 


(PSI6) 
(PSI7) 


SERIAL 
. COMMON 
INTERFACE 








^— N 




-^ RSHIFT 


(PSI5) 










8 > R1-R8 (PS01-PS08) 




-^— RSR 


(PSI8) 




DEDICATED 
RECEIVE 


RCLK— ^ 




^-v 


PARALLEL 
- RECEIVE 


5 > RSQ1-RSQ5 


(PS01-PS05) 


SERIAL 
- RECEIVE 


INTERFACE ' 


RPOS ► 




► RCHCLK (PS011) 


INTERFACE 


-V 




INTERFACE 


TO LIU 


RNEG ► 




► RCHSYNC (PS012) 




►RIBITS 


(PS07) 










►RWIHBT (PS013)_ 


' 


— ►RABCD 


(PS08) 




► RSER 












► RVLL 














— ► RYEL 














► RRED 

► RSYNC 


DEDICATED 
- RECEIVE 










RECEIVER 


-^ RMRST 

-^ RSRCH 

-^— RIDLE 

-^ RMW 

— -► RTS16 (OA) 

► RIBITS/RMFA (OB) 

► RLINK1/RMRED (OC) 

► FERR/FMERR (OD) 

► RNBITS (OE) 

► RLINK/RMYEL (OF) 

► RLCLK/RXBITS (OG) 


INTERFACE 

FRAMING 
MODE- 
^ DEPENDENT 
RECEIVE 
INTERFACE 








PUP ► 




C 4! M1-M4 








Vcc— ^ 


COMMON 


V-' 








Vss — ^ 




-^-— P/S 
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Pin Assignments— Dedicated Signals 




I/O 


Pin No. 


Signal Name 


QUIP 


PLCC 


TCLK 




9 


10 


Transmit Clock 


TFSYNC 




3 


3 


Transmit Frame Sync 


TMSYNC 




4 


4 


Transmit Multiframe Sync 


TLOOP 




16 


17 


Transmit Loop 


TIDLE 




15 


16 


Transmit Idle 


TYEL 




8 


8 


Transmit Yellow Alarm 


TPOS 





18 


19 


Transmit Unipolar Positive 


TNEG 





17 


18 


Transmit Unipolar Negative 


TNRZ 





19 


20 


Transmit Non-Return-to-Zero 


TMAX 





10 


11 


Transmit Maximum 


RCLK 




56 


59 


Receive Clock 


RPOS 




55 


58 


Receive Unipolar Positive 


RNEG 




54 


57 


Receive Unipolar Negative 


RIDLE 




53 


56 


Receive Idle 


RMW 




52 


55 


Receive Milliwatt 


RMRST 




40 


42 


Receive Master Reset 


RSRCH 




41 


44 


Receive Search 


RSER 





50 


53 


Receive Serial Data 


RSYNC 





37 


39 


Receive Sync 


RVLL 





28 


30 


Receive Bipolar Violation 


RYEL 





51 


54 


Receive Yellow Alarm 


RRED 





38 


40 


Receive Red Alarm 


Ml 




11 


12 


Framing Mode Select 1 


M2 




12 


13 


Framing Mode Select 2 


M3 




13 


14 


Framing Mode Select 3 


M4 




14 


15 


Framing Mode Select 4 


P/S 




32 


34 


Parallel/Sena! Interface Select 


PUP 




39 


41 


Power-Up 


Vcc 




64 


68 


+ 5V Power 


Vss 




33 


35 


Ground 



Pin Assignments— Parallel/Serial Interface-Dependent Signals 















1 1 


Pin Name 


I/O 


Pin No. 


Parallel Interface (P/S = High) 


Serial Interface (P/S = Low) 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


PSI1 




2 


2 n 


T1 -1 






TSER 


Transmit Sena! 


PSI2 




1 


1 


T2 






TSIGMD 


Transmit Signaling Mode 


PSI3 




63 


67 


T3 






TABCD 


Transmit Signaling Input 


PSI4 
PSI5 




62 
61 


66 
65 


T4 
T5 


- 


Transmit Channel Data Bits 1-8 


TSA 
RSHIFT 


Transmit Sequence Advance 
Receive Shift 


PSI6 




60 


64 


T6 






DID 


DID Channel Sequence Select 


PSI7 




59 


63 


T7 






D2 


D2 Channel Sequence Select 


PSI8 




58 


62 


T8 J 




RSR 


Receiver Sequence Retard 


PS01 





49 


52 


R1 1 






RSQl] 






PS02 





48 


51 


R2 






RSQ2 






PS03 





47 


50 


R3 






RSQ3 




Receive Sequence Code Bits 1-5 


PS04 
PS05 






46 
45 


49 
48 


R4 
R5 


• 


Receive Channel Data Bits 1-8 


RSQ4 
RSQ5, 






PS06 





44 


47 


R6 






TNSYNC1 


Transmit National Bit Sync 


PS07 





43 


46 


R7 






RIBITS1 


Receive International Bits 


PS08 





42 


45 


R8^ 






RABCD1 


Receive Signaling Output 


PS09 





23 


24 


TCHCLK 


Transmit Channel Clock 


TSQl' 






PSO10 





24 


25 


TCHSYNC 


Transmit Channel Sync 


TSQ2 






PS011 





25 


27 


RCHCLK 


Receive Channel Clock 


TSQ3 


• 


Transmit Sequence Code Bits 1-5 


PS012 





26 


28 


RCHSYNC 


Receive Channel Sync 


TSQ4 






PS013 





27 


29 


RWIHBT 


Receive Wnte Inhibit 


TSQ5. 






Notes: 














1. Different si 
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s. 
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CEPT INTERFACE DESCRIPTION (Cont'd) 



Framing Mode— Dependent Signals 



Pin Name 


I/O 


Pin No. 


256N Mode 


256S Mode 


QUIP 


PLCC 


Symbol 


Signal Name 


Symbol 


Signal Name 


lA 


1 


5 


5 


TIBITS 


Transmit International Bits 


TIBITS 


Transmit International Bits 


IB 


1 


6 


6 


TNBITS 


Transmit National Bits 


TNBITS 


Transmit National Bits 


IC 


1 


57 


61 


TLINK 


Transmit Link 


TDAT1S 


Transmit Data Ones 


ID 


1 


7 


7 


TLNKMD 


Transmit Link Mode 


TXBITS 


Transmit Extra Bits 


OA 





34 


36 


RTS16 


Receive Time Slot 16 


RTS16 


Receive Time Slot 16 


OB 





31 


33 


RIBITS 


Receive International Bits 


RMFA 


Receive Multiframe Alignment 


OC 





30 


32 


RLINK1 


Receive Link 1 


RMRED 


Receive Multiframe Red 


OD 





29 


31 


FERR 


Framing Error 


FMERR 


Frame or Multiframe Error 


OE 





22 


23 


RNBITS 


Receive National Bits 


RNBITS 


Receive National Bits 


OF 





35 


37 


RLINK 


Receive Data Link 


RMYEL 


Receive Multiframe Yellow 


OG 





36 


38 


RLCLK 


Receive Link Clock 


RXBITS 


Receive Extra Bits 


OH 





21 


22 


TLCLK 


Transmit Link Clock 


TMFA 


Transmit Multiframe Alignment 


OJ 





20 


21 


TTS16 


Transmit Time Slot 16 


TTS16 


Transmit Time Slot 16 
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CEPT INTERFACE DESCRIPTION (Cont'd) 



Signal Definition — Dedicated Signais 



Pin Name/ 
Symbol 


I/O 


Signal Name/Description 


TCLK 

TFSYNC 

TMSYNC 

TLOOP 

TIDLE 
TYEL 


1 

1 
1 
1 

1 

1 


Transmit Clock. TCLK is the transmitter clock input and must be present for normal transceiver (transmitter or 

receiver) operation. TCLK must be in the range 100 kHz - 3.1 MHz and will normally be 2.048 MHz for CEPT 
format. All inputs and outputs are clocked on the rising edge of TCLK. 

Transmit Frame Sync. TFSYNC high resets the bit counter to the beginning of a frame. The counter restarts on the 
first rising edge of TCLK after TFSYNC goes low. TFSYNC should be synchronous with TCLK to ensure setup and 
hold times. TFSYNC need only be applied to change the transmitter frame alignment. 

Transmit Multiframe Sync. TMSYNC high resets the frame counter to frame 0. TMSYNC low enables the frame 
counter. TMSYNC need only be applied to change the transmitter multiframe alignment. TFSYNC is normally 
applied with TMSYNC to align to the first bit of the multiframe. 

Transmit Loop. TLOOP high invokes loopback mode, where TPOS and TNEG are internally routed to RPOS and 
RNEG, respectively. TPOS and TNEG external signals carry alternate Is representing a continuous stream of 1s. 
TLOOP does not affect TNRZ. This internal looping has one bit time less delay than an equivalent external looping. 

Transmit Idle. TIDLE high causes the idle code (01010100) to be transmitted in the next channel, in place of the 
normal data. This substitution continues for each channel in which TIDLE is high. 

Transmit Yellow Alarm. TYEL high causes transmission of a Yellow Alarm- Bit 3 = 1 m time slot of nonframe- 
alignment frames. 


IPOS, TNEG 

TNRZ 
TMAX 








Transmit Unipolar Positive, Unipolar Negative. TPOS and TNEG are the "unipolar-paired" TTL, NRZ outputs for 
transmitted data. Binary is coded as a low (0) level on both outputs Binary 1 is coded as a high (1) level on 
TPOS or TNEG, alternately. TPOS and TNEG allow the direct generation of AMI line code in which a 1 (mark) is 
alternately represented as a positive or negative pulse. There is an 8-bit throughput delay between the TSER input 
and the TPOS/TNEG outputs. 

Transmit Non-Return-to-Zero. TNRZ is the TTL, NRZ output for transmitted data. This output is unaffected by 
TLOOP or by HDB3 zero suppression coding. There is an 8-bit throughput delay between the TSER input and the 
TNRZ output. 

Transmit Maximum. TMAX is high for one bit time per multiframe coincident with the sampling of the next to last 
serial bit of a multiframe. 


RCLK 
PROS, RNEG 

RIDLE 

RMW 

RMRST 
RSRCH 


1 
1 

1 

1 

1 
1 


Receive Clock. RCLK is the receiver clock input and must be present for normal transceiver operation. All inputs 
and outputs are clocked on the rising edge of RCLK RCLK must be in the range 100 kHz - 3 1 MHz and will 
normally be 2.048 MHz for CEPT format 

Receive Unipolar Positive, Unipolar Negative. RPOS and RNEG are the inputs for received data recovered from 
the positive and negative AMI line pulses. RPOS and RNEG should have TTL levels and may be of either NRZ or 
RZ form. If RPOS is strapped to RNEG (and given composite RPOS/RNEG data) the first occurrence of a 1 will 
invoke the transparent mode in which HDB3 zero suppression is disabled in both the receiver and the transmitter. 

Receive Idle. RIDLE high causes data m the next received channel to be substituted with the idle code (01010100). 
The substitution continues for each channel in which RIDLE is high RIDLE and RMW should not be high 
simultaneously. 

Receive Milliwatt. RMW high causes data in the next received channel to be substituted with the digital milliwatt 
code; a repeating pattern of eight 8-bit bytes that translate into a 1 kHz signal at a level of 1 mW The substitution is 
performed for each channel in which RMW is high. RMW and RIDLE should not be high simultaneously 

Receive Master Reset. RMRST high resets the master state sequencer in the synchronizer to its initial (WAIT) state. 
RMRST low allows synchronization to proceed. 

Receive Search. RSRCH low prevents the master state sequencer in the synchronizer from proceeding out of the 
WAIT state. It does not force the synchronizer to the WAIT state (see RMRST). If RSRCH is low while the receiver is 
m frame alignment (RRED low), bit 5 of time slot 0, frame is skipped This allows recentering of elastic stores. 
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T1/CEPT PCM Transceiver 



CERT INTERFACE DESCRIPTION (Cont'd) 

Signal Definition — Dedicated Signals (Cont'd) 



Pin Name/ 
Symbol 


I/O 


Signal Name/Description 


RSER 

RSYNC 

RVLL 

RYEL 

RRED 











Receive Serial Data. RSER is the serial data output including HDB3 decoding. The throughput delay from 
RPOS/RNEG to RSER is 14 cycles of RCLK. RSER is always valid, regardless of the synchronizer state. 

Receive Sync. RSYNC is high dunng the first bit of each multiframe while the receiver is synchronized 

Bipolar Violation. RVLL high indicates that the 1 currently at RSER resulted from a bipolar violation. 

Receive Yellow Alarm. RYEL high indicates a received Yellow Alarm. Bit 3 = 1 in time slot of nonframe- 
alignment frames. 

Receive Red Alarm. RRED high indicates loss of frame alignment. RRED low indicates correct frame alignment. 
Multiframe alignment is separately indicated by RMRED. 


M1-M4 

P/S 
PUP 

Vcc 
Vss 


1 

1 

1 

1 
1 


Framing Mode Select. M1-M4 select the framing mode as follows (See CEPT Mode Selection Table for additional 
mode information)- 

Ml M2 MS M4 CEPT Mode 

256S 
10 256N 

Parallel/Serial Interface Select. P/S selects parallel (P/S high) or serial (P/S low) operation of the PSi1-PSI8 and 
PS01-PS013 pins. 

Power-up. PUP initializes the R8070 transmitter and receiver. It includes TFSYNC, TMSYNC and RMRST reset 
functions. PUP sets all outputs, except OJ, to a high-impedance state, to facilitate testing of peripheral circuitry. 

+ 5V Power. + 5 VDC power 

Ground. Power and signal ground. 
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CERT INTERFACE DESCRIPTION (Cont'd) 



Signal Definition — Parallel/Serial Interface-Dependent Signals 



a. Parallel Interface (P/S = High) 



Pin Name/ 
Symbol 


I/O 


Symbol 


Signal Name/Description 


PSI1-PSI8 


1 


T1-T8 


Transmit Channel Data Bits 1-8, T1-T8 are the parallel inputs for channel data and, optionally, link 
data They are clocked into the transmitter at the rising edge of TCHCLK, by the rising edge of 
TCLK. The falling edge of TCHCLK may be used to present the next channel data at T1-T8 


PS01-PS08 

PS09 
PSO10 
PS011 
PS012 
PS013 







o 





R1-R8 

TCHCLK 

TCHSYNC 

RCHCLK 

RCHSYNC 

RWIHBT 


Receive Channel Data Bits 1-8. R1-R8 are the parallel outputs for channel data. The channel data 
IS available for a complete channel time and is updated at the nsing edge of RCHCLK The falling 
edge of RCHCLK may be used to clock this data into external buffers R1-R8 are only valid while 
the receiver is synchronized; RSER, the serial data output, is always available and always valid 

Transmit Channel Clock. TCHCLK is a channel-rate clock whose rising edge indicates that parallel 
data on T1-T8 is being sampled The falling edge is used to present the next channel's data on 
T1-T8. TCHCLK is low for 4 bit times 

Transmit Channel Sync. TCHSYNC is a frame-rate signal which is high for 8 bit times The rising 
edge precedes the sampling of time slot by one bit time. The falling edge precedes time slot 1 
sampling by one bit time 

Receive Channel Clock. RCHCLK is a channel-rate clock where rising edge indicates that new 
channel data has been output to R1-R8. The falhng edge may be used to clock this data into 
external buffers. RCHCLK is low for 4 bit times 

Receive Channel Sync. RCHSYNC is a frame-rate signal which is high for 8 bit times The nsing 
edge occurs one bit time after the output time slot of data on R1-R8 The falling edge occurs one 
bit time after the output time slot 1 of data on R1-R8 

Receive Write Inhibit. RWIHBT is a channel-rate signal, 2 bit times high, which "covers" the 
change of parallel data on R1-R8 RWIHBT is high for one bit time before and after the rising edge 
of RCHCLK 
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CERT INTERFACE DESCRIPTION (Cont'd) 

Signal Definition — Parallel/Serial Interface-Dependent Signals (Cont'd) 

b. Serial Interface (P/S = Low) 



Pin Name/ 
Symbol 


I/O 


Symbol 


Signal Name/Description 


PSI1 
PSI2 

PSI3 
PSI4 

PSI5 

PSI6, PSI7 

PSI8 




TSER 
TSIGMD 

TABCD 
TSA 

RSHIFT 

D1D, D2 

RSR 


Transmit Serial. TSER is the serial input for the channel data and, optionally, signaling data. 

Transmit Signaling Mode. In mode 2568: TSIGMD low selects TABCD as the source for ABCD 
signaling bits of time slot 16, TSIGMD high selects TSER as the source. In mode 256N: TSIGMD 
low specifies TLNKMD as the selector for the source of time slot 16 data link signaling, TSIGMD 
high causes all Is to be transmitted in time slot 16. 

Transmit Signaling Input. TABCD is the input for ABCD signaling in time slot 16. 

Transmit Sequence Advance. TSA high advances the standard timing of TSQ1-TSQ5 and 
TSIGSQ by one bit time. 

Receive Shift. RSHIFT high shifts the RSQ1-RSQ5 sequence of channel numbers from 1 to 16, 
2 to 17, ... 15 to 30. Time slot remains as 00000, time slot 16 remains as 11111. 

Cliannel Sequence Select. DID and D2 channel assignments are not required for CEPT; set to 
0,0 for normal operation; set to 1,1 for synchronization lock which inhibits resynchronization after 
loss of frame alignment. 

Receive Sequence Retard. RSR high delays the standard timing of RSQ1-RSQ5 and RSIGSQ 

by one bit time. 


PS01-PS05 
PS06 

PS07 
PS08 
PS09-PS013 










RSQ1-RSQ5 
TNSYNC 

RIBITS 
RABCD 
TSQ1-TSQ5 


Receive Sequence Code Bits 1-5. RSQ1-RSQ5 is the binary value of the currently received 
channel (1-30), plus time slot (00000) and time slot 16 (11111). 

Transmit National Bit Sync. TNSYNC goes high to indicate sampling of the National bits 
(bits 4-8 of time slot of nonframe-alignment frames). TNSYNC rising edge coincides with the 
sampling of bit 3; the falling edge coincides with the sampling of bit 8, of the above time slot. 

Receive International Bits. RIBITS high indicates that the International bit (bit 1, time slot 0) is 
present at RSER. 

Receive Signaling Output. RABCD is the output of the received ABCD signaling bits for the 
channel currently emerging from RSER. 

Transmit Sequence Code Bits 1-5. TSQ1-TSQ5 is the binary value of the currently sampled 
channel (1-30), plus time slot (00000) and time slot 16 (11111). 
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Signal Definitions — Framing Mode-Dependent Signals 



Pin 
Name 


I/O 


signal 
Symbol 


Mode 


Signal Name/Description 


256N 


256S 


lA 


1 


TIBiTS 


• 


• 


Transmit International Bits. TIBITS is the l-bit input for International-bit signaling 


IB 


1 


TNBITS 


• 


• 


Transmit National Bits. TNBITS is the N-bit input for National-bit signaling 


IC 


1 


TLINK 
TDAT1S 


• 


• 


Transmit Link. TLINK is the serial data link input The data rate is 64 kbps. 
Transmit Data Ones. TDAT1S high selects "all 1s" transmission in time slot 16 


ID 


1 


TLNKMD 
TXBITS 


• 


• 


Transmit Link Mode. TLNKMD selects the source for time slot 16 signaling If low, TLINK is the input 
for time slot 16 signaling. If high, T1-T8 (parallel interface) or TSER (serial interface) is the input for time 
slot 16 signaling 

Transmit Extra Bits. TXBITS is the X-bit input for Extra-bit signaling in time slot 16 


OA 





RTS16 


• 


• 


Receive Time Slot 16. RTS16 is high during time slot 16 


OB 





RIBITS 
RMFA 


• 


• 


Receive International Bits. RIBITS high indicates that the International bit (bit 1 , time slot 0) is present at RSER 

Receive Multiframe Alignment. RMFA is high during frame 0, which contains the multiframe alignment 
signal 


OC 





RLINK1 
RMRED 


• 


• 


Receive Link 1. RLINK1 high indicates the reception of 255 consecutive 1s in time slot 16 

Receive Multiframe Red. RMRED high indicates 2 consecutive multiframe alignment errors or "all 
time slot 16 bits low" for at least one multiframe. When RMRED is high, a Multiframe Yellow Alarm is 
automatically transmitted as bit 6 = 1 in time slot 16, frame 


OD 





FERR 
FMERR 


• 


• 


Framing Error. FERR high indicates an error in the current framing bit at RSER 

Frame or Multiframe Error. FMERR high in bit 1, time slot indicates a frame error, high in bit 1, time 
slot 16 indicates a multiframe error 


OE 





RNBITS 


• 


• 


Receive National Bits. RNBITS high indicates that a National bit is present at RSER (bits 4-8 of a 
nonframe-alignment time slot 0) 


OF 





RLINK 
RMYEL 


• 


• 


Receive Data Link. RLINK is the serial data link output The data rate matches that of TLINK (64 kbps). 

Receive Multiframe Yellow. RMYEL is the received Multiframe Yellow Alarm signal, bit 6 of time slot 
16, frame RMYEL high indicates a Multiframe Yellow Alarm ' 


OG 





RLCLK 
RXBITS 


• 
_ 


• 


Receive Link Clock. RLCLK is a square wave whose rising edge occurs 2 bit times after the received 
data on RLINK 

Receive Extra Bits. RXBITS high indicates an Extra bit is present at RSER (bits 5, 7 and 8 of time 
slot 16, frame 0) 


OH 





TLCLK 
TMFA 


• 


• 


Transmit Link Clock. TLCLK is a square wave whose nsing edge occurs 4 bit times after the sampling 
of TLINK. 

Transmit Multiframe Alignment. TMFA is high dunng the data sampling of frame 0, which contains the 
multiframe alignment signal. 


OJ 





TTS16 


• 


• 


Transmit Time Slot 16. TTS16 is high dunng the sampling of time slot 16. 
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CERT WAVEFORMS 



-MULTIFRAMEM- 



< — MULTIFRAME - 
M + 1 



FRAME NO. I 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14 | 15 | | 1 | 2 | 3 
TMAX H 



TMFA 



Transmit-Muitiframe— Mode 256S 



FRAME NO. " 


^ Mill TICBAtai!! M ^ 




























M + 1 


1 1 


2 


3 


4 


5 


6 1 7 1 8 1 9 


lio 


11 


12 


13 


14 


JL. 


1112 13 1 


RSYNC 


fl 






















n 


RMFA 


1 






















1 1 





























Receive-Multiframe— Mode 256S 





-• MULTIFRAME — >• 

M 


-* MULTIFRAME— ► 

M + 1 


FRAME NO. 


1 1 


1 1 


TMAX 


n n 1 







FRAME NO. ~ 


^ MULTIFRAME-* 

M 


-> MULTIFRAME -• 

M + 1 


1 1 


1 1 


RSYNC 


^ 


^ 













Transmit-Multiframe— Mode 256N 



Receive-Multiframe—Mode 256N 
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CEPT WAVEFORMS (Cont'd) 



FRAME N* OF 
~ MULTIFRAME M 



- TIME SLOT 30 - 

5 6 7 8 



- TIME SLOT 31 - 



12 3 4 



JiJiTiJiJiJiiiJTnjiJinjiJi^ijxRrinji^^ 



FRAME OF 
- MULTIFRAME M + 1 ' 



- TIME SLOT 0- 



I2345678ll2 



" (xxxsxYxxxxyYxxmmxxxmtfxyxyxxxxyxxxxxyxxxxxyy^n^xxxmyyxxxyxxxxxxxxxy^^^XTOTO 



TFSYNC 
TMSYNC 



r~i. 



NOTES: 1. N = 1 FOR MODE 256N; N = 15 FOR MODE 256S 

2. END OF MULTIFRAME ONLY 

3. NON FRAME ALIGNMENT TIME SLOT ONLY 



Parallel Interface— Transmit Signals— Modes 256N, S 



RCLK 
R1-R8 
RSER 
RCHCLK 
RCHSYNC 
RWiHBT 
RIBITS 
RNBITS» 

RSYNC» 
NOTES: 1. N 


FRAME Ni OF 


FRAME OF 


MULTIFRAME M 


* MULTIFRAME M + 1 * 


1234567812345678 

jinjiRjinnjiiiRrLTLRj^ajij 


1 

"1_ 


2 3 4"5~"6"7 8 il 2 

"UTJl^nTLnJlTL 


X 


X TS3, t 


TSO 


X 


XDd^dXZXIXIXD 


dXIXDCDCIXDGXD 


S 


3C1XE 


CDGXDd} 


^QXI 


1 1 


1 1 






~1 


1 
















1 


1 


1 1 




1 


1 




1 






n 
















4D OF MULTIFRAME 


^ 




1 




= 1 FOR MODE 256N; N = 15 FOR MODE 256S 2. NON FRAME ALIGNMENT TIME SLOT 


ONLY 


3. Er 


NLY 
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CERT WAVEFORMS (Cont'd) 



FRAME N* OF 
~ MULTIFRAME M ~ 



1 2 3 4 5 6 7 8 



12 3 4 5 6 7 8 



JTJTLJlJlJlJlJlJnJTJlJlJTrLJlJlJlJlJ^^ 



FRAME OF 
~ MULTIFRAME M ••• 1~ 



1 2 3 4 5 6 7 8 



TSER XaiXa2aa3aX*XX5XX6XX7XX8XX^XX2XX3XX*XX5XX6Xa^ 



5 30 SEQ CODE (CH29) )( TS 31 SEQ CODE (CH30) \ 



TS SEQ CODE 



JL 



mwmmmimmmmimmimmm j wmmmm^ 



mmmmmmimmmmmmmmmmmwM ft^^n^^ 



n. 



NOTES: 

1. N B 1 FOR MODE 256N; N « IS FOR MODE 256S 

2. NON FRAME ALIGNMENT TIME SLOT ONLY 

3. TSA « LOW 



Serial Interface— Transmit Signals— Modes 256N, S 





FRAME N< OF 




FRAME OF 






MULTiFf 


UME M 


* MULTIFRAME M -t- 1 




RCLK _J~L 

rserx:) 


1 2 3 4 5 6 7 8 

riJiJiJiJiJTJiJL 

CIXIXIXDCIXiXIXD 


12 3 4 5 6 7 8 

"LRjinnrLrLru 

GDdXDCiXIXiXDCi) 


, 

1 2 3 

CDCDCD 


4 5 6 7 8 

-LruLTLn. 


1 2 

CDC 


RS01- \ 


( TS30 SEQ CODE (CH29) \ TS 31 SEQ CODE (CH30) ^ 


V 


TS SEQ CODE / 


RIBITS 


1 












RNBITS2 









_r~L 



NOTES: 

1. N = 1 FOR MODE 256N; N s 15 FOR MODE 256S 

2. NON FRAME ALIGNMENT TIME SLOT ONLY 

3. END OF MULTIFRAME ONLY 

4. RSHIFT & RSR = LOW 
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SWITCHING CHARACTERISTICS 



Parameters 


Symbol 


Min 


Typ 


Max 


Units 


Clock Frequency 


fc 


01 




31 


MHz 


Clock Pulse Width High 


tcH 


160 


— 


— 


ns 


Clock Pulse Width Low 


tcL 


160 


— 


— 


ns 


Input Data Setup Time 


tos 


60 


— 


— 


ns 


Input Data Hold Time 


toH 


60 


— 


— 


ns 


Output Data Delay Time 


^DOD 


— 


- 


125 


ns 



RCLK, TCLK 



-C 



< tcH >■ 



\ 



Minimum Clock Pulse Widths 



J" 



RCLK, TCLK V 








- 


I 

-e-toH-^ 


V- 


k-tos-^ 


ALL INPUTS 


^ xz 





Input Data Setup and Hold Times 



RCLK, TCLK \ - 






r 


\ 




■*— toOD -*■ 




ALL OUTPUTS 


X 







Output Data Delay Time 



REFRAME TIMING 



•'\-\ A 



TCLK ^^^ 



ALL OUTPUTS 
EXCEPT OJ 



A 



!> 



-yvrAjTrJirUTJ-LTLTL 

- 16 CYCLES -^ 



TRISTATE 






Minimum Reset Time 




Mode 


Minimum 


Average 


Maximum 


Unit 


193N 
197N 


1 5 
1 5 


27 
27 


38 
38 


ms 
ms 


193S 
197S 


1 
1 


1 6 
1 6 


22 
22 


ms 
ms 


193E 
193F 


45 
45 


67 
67 


85 
85 


ms 
ms 


256N 
256S 


3 
3 


60 
60 


1 3 
1 3 


ms 
ms 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


+ 4.75 to 5.25 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


to +70 
- 40 to + 85 


°C 


Storage Temperature 


TSTG 


-55 to +150 


°C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


+ 4.75 to 5 25 


Vdc 


Temperature Range 
Commercial 
Industrial 


Ta 


Oto +70 
- 40 to + 85 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Condition 


input Low Voltage 


V,L 


-03 


0.8 


V 




Input High Voltage 


V,H 


20 


Vcc + 0.3 


V 




Output Low Voltage 


Vol 


— 


04 


V 


•load = + 1 -6 mA 


Output High Voltage 
TTL 
CMOS 


Vqh 


2.4 
3.5 


- 


V 


Iload= -100^A 
'load = -100^A 


Output Low Current 


loL 


+ 1 6 


— 


mA 


Vol = 0.4V 


Output High Current 


'oh 


-100 


— 


A*A 


VoH = 3.5V 


Input Capacitance 


C,N 


— 


5 


PF 




Output Capacitance 


Cqut 


— 


50 


PF 




Power Dissipation 


PwD 


— 


100 


mW 





REFERENCE DATA 

For detail information refer to the R8070 T1/CEPT PCM 
Transceiver Designer's Guide (Order Number 313). 
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PACKAGE DIMENSIONS 



64-PIN PLASTIC QUAD IN-LINE PACKAGE (QUIP) 



,nllnllnllnllnllnllnllnllnllnllnllnllnlin l l n llnll, 



,o 
UTTUTTir 



Tirrmrm 

A 



-E1- 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


41 10 


41 61 


1 618 


1638 


B 


17 02 


17 23 


670 


690 


C 


3 56 


4 58 


140 


180 


D 


48 


56 


018 


022 


El 


19 05 BSC 


750 BSC 


E2 


23 50 BSC 


925 BSC 


G 


1 27 BSC 


050 BSC 


J 


18 


33 


007 


013 


K1 


2 92 


3 18 


0115 


125 


K2 


4 83 


5 34 


190 


210 



flKi- 



64-PIN CERPAC QUAD IN-LINE PACKAGE (QUIP) 
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PACKAGE DIMENSIONS (Cont'd) 
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R8070A 
T1/CEPT PCM Transceiver 



INTRODUCTION 

This data sheet addendum describes the enhanced fram- 
ing procedure implemented in the R8070A version of the 
R8070 T-l/PCiVI-SO Transceiver device. This enhance- 
ment is only applicable to the 193E and 193F modes as- 
sociated with the North American Extended Superframe 
(ESF) standard. 

The improvements incorporated in the R8070A are 
transparent to the user, as well as interfacing hardware 
and software. All designs using the R8070 can use the 
R8070A to improve reliability. 



FUNCTIONAL DESCRIPTION 

The R8070A is functionally and electrically identical to the 
R8070 except for the frame synchronization procedure 
when the device is configured in an Extended Superframe 
mode (193E or 193F). An extended CRC-6 check Interval 
on the order of 8 - 12 multiframes has been added to the 
master state sequence. This extended period starts at the 
beginning of the "SYNC" state. 

The extended CRC-6 check interval causes the R8070A 
to reframe if two consecutive CRC-6 block errors are 
detected. 

These enhancements ensure extremely robust framing 
operation against false framing on data patterns that con- 
stantly mimic the ESF frame pattern. 



<? 



^ 



T1/CEPT 
PHYSICAL 
INTERFACE 



C 



LINE 

INTERFACE 
UNIT 
(LIU) 



t> 



T1/CEPT 

SERIAL 

INTERFACE 



R8070A 
T1/CEPT 
PCM 
TRANSCEIVER 



PARALLEL 

OR 

SERIAL 

INTERFACE 



MICROPROCESSOR-BASED OR 

NON-MICROPROCESSOR-BASED 

EQUIPMENT 




R8070A Functional Interface 



Document No. 29300N14A 



Data Sheet Addendum 

6-93 



Order No. 31 4A 
March 1988 



R8071 




R8071 
ISDN/DMI Link Layer Controller 



APPLICATIONS 

ISDN 

PRIMARY RATE INTERFACES 

BASIC RATE D-CHANNEL CONTROLLER 



DMI 

HOST INTERFACE 

PBX TRUNKSIDE ADAPTERS 



INTRODUCTION 

The Rockwell R8071 ISDN/DMI Link Layer Controller device mul- 
tiplexes/demultiplexes up to 32 high speed data channels to sup- 
port implementation of the Digital Multiplexed interface (DMI) 
between a digital PBX and a host computer (Figure 1). The 
R8071 operates at layer 2 (data link protocol level) of the Open 
Systems Interconnection (OSI) reference model recommended 
by the International Organization for Standardization (ISO) and 
resides between the R8070 T1/CEPT PCM Transceiver and a 
buffer memory shared with one or more host processors. 

The R8071 processes transmit and receive data on a T1 com- 
munications medium with DS1 signaling at 1.544 Mbps in the 
D4 framing format or the Fe extended framing format, or at 
2.048 Mbps in the CEPT PCM 30 carrier format. The device pro- 
vides HDLC formatting functions for synchronous data and 
manages buffer memory for each of the active data channels, 
including the common signaling channel, using simple linked- 
list structures. 

The R8071 is compatible with the Integrated Services Digital 
Network (ISDN) specified by the International Telegraph and 
Telephone Consultative Committee (CCITT) and supports con- 
nections of computers to the ISDN at the primary rate. It also 
supports modes 0, 1 , 2 and 3 of the DMI protocol for clear chan- 
nel transmission of data at 64 kbps, 56 kbps synchronous, 
standard data rates up to 19.2 kbps, and 64 kbps virtual circuit 
protocol using LAPD, respectively. 

The R8071 device provides additional functions which support 
X.30 and X.31 rate adaption as well as ISDN hyperchannels. 
The device is also compatible with HDLC, SNA SDLC, X.25, 
X.75, LAPB and LAPD protocols. These features allow the use 
of the R8071 in applications that go beyond the host-end DMI 
interface. 

The R8071 complements the Rockwell R8070 T1/CEPT PCM 
Transceiver, which operates at layer 1 (physical interface level) 
of the OSI reference model, and provides basic T1 framing and 
maintenance functions of the DMI link. 

The R8071 finds applications in widely diverse areas of tele- 
communications (including TDM machines, Central Office 
switches, and PBX), as well as the basic host computer-PBX 
DMI links. In ISDN switching applications, the R8071 can 
function as a multiplexed controller for as many as 32 ISDN basic 
access "D" channels, and can substantially off-load LAPD proc- 
essing from the Switch Central Control. 



FEATURES 

• DMI implementation, solidly based on T1 and CEPT primary 
rate carrier with designed-in compatibility with ISDN, is the 
key to world-wide networking 

— T1/CEPT provides the link beyond the central office or PBX 

— ISDN provides the phone/terminal to the central office or 
PBX basic access link 

— DMI provides the computer to computer, and computer 
to PBX, link 

• R8071 single chip CMOS monolithic device simplifies 
ISDN/DMI implementation 

• Provides up to 32 full duplex channels with HDLC/SDLC pro- 
tocol formatting 

• Supports all four DMI B channel data options: 

— Mode (clear channel 64 kbps synchronous) 

— Mode 1 (56 kbps synchronous data without or with HDLC 
protocol) 

— Mode 2 (up to 19.2 kbps synchronous or asynchronous) 

— Mode 3 (64 kbps virtual circuit service) 

• Supports both DMI D channel signaling options 

— Bit-oriented signaling (BOS) 

— Message-oriented signaling (MOS) 

• Compatible with 1 .544 Mbps T1 D4 and extended framing 
format as well as 2.048 Mbps CEPT PCM 30 carrier format 

• Supports both flag stuffing (1.462, DMI mode 2) and RA2 
intermediate rate adaption (1.460, X.30, V.1 10 or ECMA-102) 

• Provides ISDN standard hyperchannel options (CCITT 1.41 2): 

— In T1: HO (384 kbps) 

H11 (1.536 Mbps) 

— In CEPT PCM 30: H12 (1.920 Mbps) 

• Compatible with HDLC, SNA SDLC, X.25, X.75, LAPB and 
LAPD protocols 

• On-board buffer memory management function 

• On-board CRC-16 generation and checking, automatic flag 
detection and transmission, and zero-bit insertion and 
deletion 

• Simple interface to Rockwell R8070 T1/CEPT PCM 
Transceiver 

• Available in 64-pin quad in-line (QUIP) and 68-pin plastic 
leaded chip carrier (PLCC) packages 

• Operates from a single + 5 Vdc supply 
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R8071 



ISDN/DMI Link Layer Controller 



ORDERING INFORMATION 



Part Number: 


R8071 










Temperature 






Blank = 0°C to +70°C 








P = 64-Pin Plastic QUIP 




8 = 64-Pin Cerpac QUIP 




J = 68-Pin Plastic Leaded Chip 




Garner (PLCC) 




JC = 68-Pin Ceramic Leaded 




Chip earner (CLCC) 




G = 68-Pin Pin Gnd Array (PGA) 



INTERFACE 

The R8071 ISDN/DMI Link Layer Controller transmits data to, and 
receives data from, an R8070 T1/CEPT PMC Transceiver (or com- 
patible framer device) in ISDN/DMI rate and formats as illustrated 
in Figure 1. It transfers the data in 8-bit parallel form to and from 
an external buffer memory shared by a host computer system. 
(The external buffer memory is referred to as shared memory 
and the host computer system is referred to as the host.) The 
R8071 interface signals are functionally grouped in Figure 2. The 
R8071 pin assignments are shown in Figure 3 and the R8071 
interface signals are defined in Table 1. 
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Figure 1. Functional Architecture for Host ISDN/DMI Primary Rate Access, PBX ISDN/DMI Trunkside Adapter 



6-95 



R8071 



ISDN/DMI Link Layer Controller 



LINE 
INTERFACE ' 
UNIT (LIU) 

SERIAL 

interface 
to" 

R8070 

STRAP 
INPUTS ' 
















GND 

SYSCLK 

TCLK 

RCLK 

TSER 

TMAX 

RSER 

RSYNC 

RRED 

RESET 

HCS1-HCS0 

T1/CEPT 

TSEREN 

SIS 

MDFS 

UAEN 

VCC 


D0-D7 

A0-A15 

DMND 

AS 

WRITE 

READ 

ATTN 

ATACK 

SYSACC 


c 


-^ 




TV 


HOST 

PROCESSOR 
" SHARED 
MEMORY 

STATUS 

y OUTPUT 

SIGNAL 


^^> 




t\ 






'' \.> 








^ 








^. 




► 






1^ 


=^=> 


^ i 


INTR 
CH0-CH4 

RX/fx 


., .._K. 




' .> 










^^ J 








^ 

















Figure 2. R8071 Interface Signals 
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Figure 3. R8071 Pin Assignments 
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Table 1. R8071 Interface Signal Definitions 



Symbol | I/O | Signal Name/Description 


Memory Interface 


D0-D7 


I/O 


Memory Data Lines. Bidirectional 8-bit memory data bus between the R8071 and the shared 
memory DO is the LSB and D7 is the MSB 


A0-A15 





Memory Address Lines. Output lines to the shared memory AO is the LSB and A15 is the MSB 


DMND 





Memory Demand. Active high output to shared memory The R8071 accesses shared memory 
within one TCLK period after assertion (rising edge) of DMND DMND is negated at completion 
of the memory access cycle 


AS 






Memory Address Strobe. A valid memory address is present on the memory address lines at 
the falling edge of the active low AS 

Memory Write. Active low output to the shared memory to perform a write cycle 


WRITE 


READ 





Memory Read. Active low output to the shared memory to perform a read cycle Data from 
memory is latched in the R8071 prior to the negation of READ 


ATTN 


1 


Attention. Active high input that commands attention from the R8071 to shared memory loca- 
tions which contain updates to status, modes, and/or buffer start address of a specified channel 
A sequence of memory accesses are performed soon after ATTN is asserted ATTN is negated 
in response to ATACK 


ATACK 





Attention Acknowledge. Active high output asserted when the sequence of memory accesses 
(in response to ATTN) is complete ATACK is negated m response to negation of ATTN 


SYSACC 





System Access. Active high output asserted to indicate the R8071 is accessing one of the 129 
system memory locations (Channel Activation Byte or Channel Buffer Pointers) 


LIU Interface 


SYSCLK 


1 


System Clock. Square wave input from the LIU clock generator for internal use in the R8071 
Nominally, 3088 MHz for T1 and 4 096 MHz for CEPT PCM 30 


TCLK 


1 


Transmit Clock. Square wave input from the LIU clock generator providing the master timing 
source for the transmit function The frequency is one-half that of the SYSCLK 


RCLK 


1 


Received Clock. Input from the external LIU/Clock recovery for the R8071 to sample RSER, the 
received serial data Nominally, 1 544 MHz for T1 and 2 048 MHz for CEPT PCM 30 


Serial Interface 


TSER 





Transmitter Serial Data. Output from the R8071 to the R8070 T1/CEPT PCM Transceiver 
representing the transmit serial data bit stream 


TMAX 


1 


Transmit Multlframe Sync. Active high input pulse from the R8070 T1/CEPT PCM Transceiver 
indicating the beginning of a multiframe 


RSER 


1 


Received Serial Data. Input from the R8070 T1/CEPT PCM Transceiver representing the 
received serial data bit stream 


RSYNC 


1 


Receive Synchronization. Active high input level or pulse from the R8070 T1/CEPT PCM Tran- 
sceiver for frame synchronization reference 


RRED 


1 


Receive Red Alarm. Active high input from the R8070 T1/CEPT PCM Transceiver indicating a 
failure to frame on the T1 or CEPT PCM 30 time-division multiplexed (TDM) signals Low 
indicates that frame alignment has been found 
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Table 1. R8071 Interface Signal Definitions (Continued) 



Symbol 



I/O 



Signal Name/Description 



Strap Option Inputs 



T1/CEPT 
HCS1, HCSO 



TSEREN 



SIS 
MDFS 



UAEN 



T1 or CEPT Framing Select. High selects the T1 framing mode Low selects the CERT PCM 30 
framing mode 

Hyperchannel Select. Encoded inputs select the T1/CEPT PCM 30 hyperchannels (See 
Figure 5.) 



T1/CEPT HCS1 


HCSO 


Channel Selection 


X Low 


Low 


All channels are 64 Kbps 


High High 


Low 


Four channels of 384 Kbps (HO)i 


High Low 


High 


Single channel of 1.536 Mbps (H11)i 


Low High 


Low 


Single channel of 1 92 Mbps (H12)2, 
time slots and 16 are 64 kbps 


X High 


High 


Reserved 


Low Low 


High 


Reserved 


Notes: "X" denotes "Don't Care" 

1. Valid for T1 only. 

2. Valid for CEPT only 



TSER Enable. Active high input that works in conjunction with the FILL/MASK bit as follows: 



TSEREN 


FILL/MASK Bit 


0* 


1 


High 
Low 


Send a 1 on TSER 
High impedance 
output on TSER 


Send data on TSER 
Send data on TSER 


* or any F bit, or any bit during RESET, R8071 initialization, and until a channel is 
activated. 



Serial Interface Select. High level identifies an R8070 compatible serial interface. Low level 
identifies AT&T compatible interface. 

Memory Data Format Select. High indicates that the most and least significant bytes of next 
buffer start address, buffer size and data length in shared memory reside at even and odd 
addresses, respectively (68000 MPU word addressing compatible). Low indicates that the least 
and most significant bytes of next buffer start address, buffer size and data length reside at 
even and odd addresses, respectively (8086 MPU word addressing compatible). 

Upper Address Enable. High level input causes the upper address bus lines (A8-A15) to be in 
the high impedance state during system shared memory access (when SYACC is asserted). Low 
input causes the upper address outputs to be forced low by the R8071 when SYACC is asserted 



Status Outputs 



INTR 

CH0-CH4 

RX/TX 



Interrupt. Active low output pulse of one SYSCLK period to the host system to indicate that the 
buffer status is being updated. 

Channel Number (0-4). Encoded output indicating the channel number being served. CHO is 
LSB and CH4 is MSB. 

Receive/Transmit Channel. Output used in conjunction with the channel number (CH0-CH4). 
High indicates a receive channel and low indicates a transmit channel. 



Reset and Power 



RESET 



VCC 
VSS 



Reset. Active high input that initializes all R8071 functions. Reset causes the R8071 to default to 

HDLC mode, causes all Os in the FILL/MASK, and deactivates all channels Inactive transmit 

channels output all Is. R8071 initialization is complete within 90 SYSCLK penods after RESET 

returns low. 

Power Supply Voltage. +5 Vdc with respect to VSS 

Ground. Ground reference voltage 
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FUNCTIONAL DESCRIPTION 

The R8071 fetches the data to be transmitted from the shared 
memory, processes the data for up to 32 channels, channel-by- 
channel, by performing protocol formatting and rate adaption, 
and transmits it to the transceiver m serial form. Similarly, the 
R8071 processes, on a channel-by-channel basis, the received 
serial data on up to 32 channels by performing protocol defor- 
matting and rate adaption, and stores the data into the shared 
memory. 

Each channel is processed depending on the operational mode 
specified by the host as set up in the shared memory For any 
channel, the transmitter and the receiver operating modes may 
be specified independently of each other. 

The internal functions of the R8071 are partitioned logically in 
to five major blocl<s (Figure 4): 

• Transmit Bit-Level Processor 

• Receive Bit-Level Processor 

• Buffer Memory IVIanager 

• Device Mode Controller 

• System iVIonitor 

TRANSMIT BIT-LEVEL PROCESSOR 

HDLC and Non-HDLC Modes 

The Transmit Bit-Level Processor performs basic HDLC* protocol 
formatting (DMI data modes 2 and 3, ISDN LAPD and IBM SNA) 
or other non-protocol transmit functions (DMi data modes and 
1, and bit-oriented signaling mode) for each channel inde- 
pendently of any another channel 

In the HDLC mode, it generates flags, abort and idle codes, 
inserts zeroes for bit transparency, computes the HDLC frame 
check sequence (FCS) and composes HDLC frames from the 
data provided in the shared memory. 

In the non-HDLC data mode, the data from the shared memory 
IS not framed 

In either mode, the R8071 performs rate adaption of sub-64 l<bps 
data rates of the form 

n X 8 kbps (n = 1 through 8) 

to the standard 64 kbps bearer rate (1.460, second stage RA2). 
An 8-bit FILL/MASK sequence (specified m in shared memory) 
IS applied to the HDLC-formatted or non-HDLC data on a bit-by- 
bit basis (see FILL/MASK description on page 26). The result- 
ing 8-bit sequence, consisting of the actual data bits and any 
'time fill' bits (always a one) based on the FILL/MASK sequence, 
IS then transmitted over the channel Figure 5a illustrates this 
process. 

In the HDLC mode, the R8071 adapts the standard sub-64 kbps 
data rates (CCITT X 1 or DMI mode 2, but not necessarily 
n X 8 kbps) directly to the 64 kbps bearer rate (1.462 and DMI). 



*The R8071 does not distinguish between the the High Level 
Data Link Control (HDLC) and the Synchronous Data Link 
Control (SDLC) protocols but implements the common link-layer 
functions for both Reference to HDLC in this document also 
implies SDLC unless otherwise stated. 



A number (specified in the shared memory) of HDLC flags are 
appended to the end of an HDLC frame as time fill sequences. 
The R8071 monitors the number of intentionally inserted zeroes 
(which may be viewed as non-data intra-frame time fill bits). The 
programmed number of flags are adjusted based on the num- 
ber of zeroes inserted. Reset activates the HDLC mode for all 
channels. 

Logical Inversion 

Logical inversion of data, as well as abort, flag and FCS bits, 
before transmission is programmable. Reset activates inversion 
for all channels 

Loop Mode 

Loop mode for both the transmit and receive channels is also 
programmable in shared memory. For a channel in the near-end 
loop mode, the R8071 stores the data transmitted during the 
channel period in an intermediate buffer. Such data is to be taken 
by the receive data channel programmed in the loop mode and 
eventually sent back to the shared memory. Only a single trans- 
mit channel and a single receive channel may be placed in the 
loop mode at one time for proper operation. Note that loop mode 
does not support HO hyperchannel operation Reset deactivates 
the loop mode for all channels. 

Signaling 

Bit-oriented signaling and LAPD-based message-oriented sig- 
naling channels are directed to the non-HDLC processing 
elements, without any special consideration. 

ISDN Hyperchannels 

The 64 kbps channels (or time slots) are grouped into the ISDN 
standard hyperchannels (Figure 6). The actual hyperchannel 
grouping is specified by the HCS1 and HCSO inputs (see Table 1, 
Strap Input Options). Reset deactivates signaling mode for all 
channels 

Transmit Interface 

The Transmit Bit-Level Processor interfaces directly to an R8070 
T1/CEPT PCM Transceiver without any external circuitry. All the 
channel counter functions are built-m The Transmit Serial Data 
(TSER) output IS driven with the transmit serial data bit stream 
acquired from the shared memory The Transmit Clock (TCLK) 
input IS the timing reference for TSER The Transmit Multiframe 
Sync (TMAX) input is the starting reference for the TDM frame. 

TSER IS placed in the high impedance (tri-state) mode whenever 
the TSEREN input is low and the FILL/MASK bit is zero (see 
Table 1, Strap Input Options) This enables the TSER outputs 
of up to eight R8071s to be connected together and allows the 
R8071S to be programmed with mutually exclusive FILL/MASK 
sequences in order to accomplish subratetime-division multiplex- 
ing over a 64 kbps channel 

In summary, each channel may be programmed by the host sys- 
tem independently of any other channel by specifying HDLC 
mode, FILL/MASK, data inversion, and loop mode options. Both 
the rate adaption recommendation, namely HDLC flag insertion 
and the second stage intermediate rate adaption, are 
implemented. In addition, various other HDLC formatted rates 
of the form n x 8 kbps (n = 1 through 8) are also adapted to the 
64 kbps bearer rate. 
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Figure 4. R8071 ISDN/DMI Link Layer Controller Functional Block Diagram 
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Figure 5. 32 kbps Subrate Operation 
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RECEIVE BIT-LEVEL PROCESSOR 

HDLC and Non-HDLC Modes 

The Receive Bit-Level Processor performs basic HDLC/SDLC 
protocol deformatting (DM! data modes 2 and 3, ISDN LAPD, 
and IBM SNA) or other non-protocol receive functions (DMI data 
modes and 1, and bit-oriented signaling channels) for each 
channel independently of any other channel. 

In the HDLC mode, the R8071 detects flags, aborts and inserted 
zeroes, and also checks the Frame Check Sequence (FCS). It 
also filters out any time fill patterns received by applying the 8-bit 
FILL/MASK sequence specified in the shared memory. The 
resulting serial data, including the HDLC header (i.e., address 
and control fields), is then assembled into bytes for storage in 
the shared memory (Figure 5b). The validity of every HDLC frame 
IS checked and reported to the shared memory appropriately. 
Reset activates HDLC mode for all channels. 

In the non-HDLC data mode, any time fill patterns received are 
also filtered out based on the 8-bit FILL/MASK sequence. The 
resulting serial data is simply grouped into bytes for transfer to 
the shared memory. 

Logical Inversion 

Logical inversion of all the received serial data is programma- 
ble in the external shared memory. Reset activates inversion for 
all channels. 

Loop Mode 

Loop mode for receive channels is also programmable in shared 
memory. For a channel in the near-end loop mode, the input data 
is taken from an internal buffer rather than from the external data. 
The internal buffer presumably has been filled with data from 
a transmit channel in the loop mode. Thereafter, the looped data 
is processed according to the specified mode of operation. Reset 
deactivates loop mode for all channels. 

Non-HDLC Signaling Mode 

In the non-HDLC signaling channel mode, the R8071 detects the 
multiframe (or extended superframe) alignment sequence for 
DMI bit-oriented signaling (G.732 and DMI). If a valid multiframe 
alignment is found, the received data is transferred to shared 
memory, If the multiframe alignment sequence is found to be 
in error, transfer of signaling data to the shared memory is sus- 
pended until a valid multiframe is detected (G732 and DMI). Loss 
of multiframe is reported to the shared memory. Note that any 
channel(s) can be specified to receive bit-oriented signaling. This 
feature is very useful in central office switching applications. 
Reset deactivates signaling for all channels. 

ISDN Hyperchannels 

The 64 kbps channels are grouped into the ISDN standard hyper- 
channels (Figure 6) based on the input strap pms HCSO and 
HCS1 (see Table 1, Strap Input Options). 

Elastic Buffer 

The received serial data from a T1 or CERT PCM 30 multiframe, 
in general, has no relationship to the transmit data multiframe 
in terms of frame beginning. Both the Receive Bit-Level 



Processor and the Transmit Bit-Level Processor exchange data 
with the shared memory over a single data bus. In order to handle 
contention for the data bus, an elastic buffer is used in the 
Receive Bit-Level Processor. 

The elastic buffer input is clocked by the Receive Data Clock 
(RCLK) and the output is re-timed using the Transmit Data Clock 
(TCLK). Thus the TCLK is used as a reference for both the trans- 
mit and the re-timed receive data. As a result, the shared memory 
access is sirriple and predictable. Note that the looped data 
bypasses the elastic buffer. Also, any overflow or underflow of 
the elastic buffer is reported to the shared memory for all the 
channels. The elastic buffer also protects the shared memory 
against underflow or overflow in the remote loopback (i.e., echo) 
mode. 



Receive Interface 

The Receive Bit-Level Processor interfaces directly to the R8070 
without any need for additional logic. All the needed channel 
counters are supplied internally. Received senal data is extracted 
from the Received Serial Data (RSER) input bit stream on the 
falling edge of the Receive Clock (RCLK) input. (R8070 mode, 
see SIS input.) 

The Receive Synchronization (RSYNC) input provides a frame 
synchronization reference. The RRED input is monitored for loss 
of T1 or CEPT PCM 30 frame synchronization and reported to 
the shared memory. 



BUFFER MEMORY MANAGER 

The Buffer Memory Manager controls the flow of data between 
the Transmit Bit-Level Processor/Receive Bit-Level Processor and 
the data buffers in external shared memory. Shared memory is 
allocated for each transmit or receive channel as a linked list 
of buffers which are set up by the host. The shared memory is 
managed with minimal intervention from the host. The host 
simply has to allocate enough memory in the buffers such that 
the real-time operation of transmission and reception can take 
place without any data underrun or overrun, respectively. 

The buffers contain information such as operational modes, 
buffer or HDLC frame completion status, size of the buffer, num- 
ber of transmit or receive data bytes, link to the next buffer, and 
the transmit or receive data bytes. 

The R8071 updates the status of each channel buffer as each 
individual buffer or HDLC frames are co mplet ed and simul- 
taneously asserts the Interrupt Indication (INTR) output to the 
host. 

During transmission, the Empty (MPTY), Command (CMND), and 
Complete Frame/Partial Data Buffer (CF/P) bits are monitored 
in the transmit status byte (see External Shared Memory Organi- 
zation and Definition). The MPTY, Invalid Buffer Address (IVBA), 
and Underrun (UNDR) bits in the transmit status byte in shared 
memory are updated. 
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During reception, the Empty (MPTY), Command, (CMND), and 
Complete Frame/Partial Data Buffer (CF/P) bits are monitored 
in tiie receive status byte. The MPTY, Invalid Buffer Address 
(IVBA), and CF/P bits in the receive status byte in shared memory 
are updated. Three encoded error reporting bits in the receive 
status byte, Abort (ABRT), Frame Check Error (FCER) and Short 
HDLC Frame Error (SHER), are also updated to report condi- 
tions such as invalid HDLC frame, frame checic error, abort code 
received, loss of T1 or CEPT PCM 30 frame synchronization, loss 
of T1 or CEPT PCM 30 signaling channel multiframe alignment, 
and elastic buffer underrun or overrun. 

Operational modes, loop, and invert commands as well as the 
FILL/MASK patterns are extracted from the transmit and receive 
command buffers and passed to the Transmit Bit-Level Proces- 
sor and the Receive Bit-Level Processor, respectively The modes 
are decoded from the HDLC Mode Select (HDLC) and Signal- 
ing Mode Select (SIG) bits. Loop and invert commands are pulled 
from the LOOP and INV bits, respectively. 

The Buffer Memory Manager responds to host processor-initiated 
changes in the operational modes of a channel or relocation of 
the allocated buffers without affecting the operation of the other 
channels. 

The Chaiinel Number (CH0-CH4) and Receive/Transmit Chan- 
nel (RX/TX) outputs are updated to reflect to the channel being 
served. 

The Buffer Memory Manager also causes mode changes in the 
Transmit Bit-Level Processor and the Receive Bit-Level Proces- 
sor in response to the host processor-initiated mode changes. 

DEVICE MODE CONTROLLER 

The Device Mode Controller provides the central device timing 
and control for the other device functions. General and memory 
interface internal timing is derived from the System Clock 
(SYSCLK) input. Device reset to the other functions is distributed 
based on the Reset (RESET) input. 

The selected carrier and framing format based on the T1/CEPT 
PCM 30 Carrier Select (T1/CEPT) input and the encoded Hyper- 
channel Select inputs (HCSO and HCS1), are passed to the Trans- 
mit Bit-Level Processor and the Receive Bit-Level Processor The 
transceiver interface specified by the Serial Interface Select (SIS) 
Input is also routed to those functions. (See Table 1, Strap Input 
Options.) 

SYSTEM MONITOR 

The System Monitor informs the Buffer Memory Manager of a 
host-initiated Attention (ATTN) command. Prior to asserting ATTN, 
the host will have set up, in shared memory, the actual channel 
number that needs the R8071's attention, its mode of operation 
and the start address of the linked list of buffers. 

Whenever the R8071 accesses the Channel Activation Byte or 
Channel Buffer Pointers in shared memory, the System Access 
(SYSACC) output is asserted indicating that system memory is 
being accessed. At that time, the upper order address lines 
(A8-A15) are placed in the high impedance state or driven low 
depending on whether the Upper Address Enable (UAEN) input 
Is high or low, respectively. In the high impedance state, the host 



can drive the A8-A15 lines to any logic level. As soon as the R8071 
completes the ATTN command processing, the Attention 
Acknowledgement (ATACK) output is asserted. The falling edge 
of ATTN causes ATACK to return low. 

In addition, the relative locations of the upper (most significant) 
and the lower (least significant) bytes of certain 16-bit words (i.e., 
next buffer address, buffer size and data length) in the shared 
memory are determined based on the Memory Data Format 
Select (MDFS) input (see Table 1, Strap Input Options). 

SERIAL INTERFACE TO R8070 T1/CEPT 
PCM TRANSCEIVER (SIS = HIGH) 

TRANSMIT 

T1 Mode (T1/CEPt input high). The serial data output (TSER) 
from the R8071 changes in response to the falling edge of the 
TCLK as shown in Figure 7 Setup and hold time periods for TSER 
are such that TSER can be sampled reliably at the next rising 
edge of the TCLK inside the R8070 T1/CEPT PCM Transceiver 
device. TSER is a tri-state output. Its actual logic level and 
impedance level over any bit period are determined by the com- 
bination of the corresponding FILL/MASK bit and the TSEREN 
input. 

Transmit synchronous operation between the R8070 and the 
R8071 is attained by TMAX application. 

When TMAX is synchronously asserted, the R8071 will be trans- 
mitting the last bit of a frame. TMAX may be applied 
synchronously as frequently as a frame rate, or as seldom as 
when a system needs to reinitiate synchronism. 

When TMAX is applied to initiate synchronism, the transmitter 
completes the processing of the current channel, fills the interim 
time with 1s (or goes high impedance — see TSEREN) and 
begins transmitting the first bit of time slot 1 which will occur 
nine or ten (CEPT/T1) bit times after TMAX. 

CEPT PCM 30 Mode (T1/CEPT input low). TSER from the R8071 
changes in response to the falling edge of the TCLK as shown 
in Figure 8. Setup and hold time periods for TSER are such that 
TSER can be sampled reliably at the next rising edge of the TCLK 
by the R8070. TSER is a tri-state output. Its actual logic level and 
impedance level over any bit period are determined by the com- 
bination of the corresponding FILL/MASK bit and the TSEREN 
input. 

RECEIVE 

T1 Mode (T1/CEPT input high). The receive data (RSER) is 
processed serially and sampled at the negative edge of RCLK 
at a rate of 1.544 MHz. The R8070 accomplishes multiframe 
synchronization at the third assertion of RSYNC after RRED 
(internally delayed) goes low. RSYNC is synchronous with the 
rising edge of RCLK and the first "F" bit of a multiframe. Figure 9 
illustrates the timing. 




CEPT PCM 30 Mode (T1/CEPT input low). RSER is processed 
serially and sampled by the negative edge of RCLK at a rate of 
2.048 MHz. RSYNC is synchronous with the rising edge of RCLK 
'and bit 1' in time slot zero of the first frame of a multiframe. 
Figure 10 illustrates the timing. 
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EXTERNAL SHARED MEMORY 
ORGANIZATION AND DEFINITION 

GENERAL STRUCTURE 

Transmit data, received data, channel commands and channel 
pointers are organized in the external memory shared by the host 
and R8071. 

For each transmit and receive channel, the host must allocate 
shared memory for a channel activation byte, channel buffer 
pointers, and a set of channel data buffers. Figure 11 illustrates 
an arrangement of shared buffer memory within the host com- 
puter main memory. 

The Channel Activation Byte and the Channel Buffer Pointers 
are located in a 256-byte address space referred to as system 
memory (Figure 12). The Channel Activation Byte is located at 
address j followed by 127 unassigned bytes. The Channel Buffer 
Pointers are located at addresses j + 128 through j-i-255. The 
Channel Data Buffers are located at starting addresses speci- 
fied by the channel pointers. The length of the data buffers is 
specified in data descriptors included within the data buffer. 

CHANNEL ACTIVATION BYTE 

The Channel Activation Byte (Figure 12) contains a command 
to activate or deactivate the channel number identified within 
the byte. The direction of data travel is also specified. The 
individual bits are defined as follows: 

ACTIVE— Activate Channel. When set by the host, the indicated 
channel (CHANNEL number) is activated. When reset by the 
host, the channel is deactivated. 

RX/TX— Receive/Transmit, When set by the host, the indicated 
channel is a receive channel. When reset by the host, the 
channel is a transmit channel. 

CHANNEL—Channel Number. Set by the host to select the num- 
ber of the channel: 

Bit 
4 3 2 10 Channel Number 





11111 



31 



CHANNEL BUFFER POINTERS 

The Channel Buffer Pointers specify the start addresses for the 
Channel Data Buffers. The pointers must be stored by the host 
in 128 contiguous bytes beginning at j + 128. For each channel, 
the buffer start address is to be specified as a 16-bit (2-byte) word. 
The relative location of the upper and lower bytes of the 16-bit 
word IS determined by the MDFS input (Figure 12). Pointers for 
up to 32 transmit and 32 receive channels can be specified. 



The upper address lines (A8-A15) are placed in the high 
Impedance state by the R8071 during the System memory 
accesses (i. e,, while the Channel Activation Byte or Channel 
Buffer Pointers are being accessed) when the UAEN input is 
high. 

CHANNEL DATA BUFFERS 

A buffer is a group of contiguous memory locations for each 
meaningful group of ordered data. The number of memory loca- 
tions in a buffer depends on memory availability and user data 
frame size, if any. For example, a group of contiguous memory 
locations may be assigned to the data that has to be framed 
according to HDLC protocol. The data has to be grouped into 
an 8-bit entity, also referred to as octet or byte. If necessary, one 
octet IS read from or written to the data buffer by the R8071 during 
a single memory access. 

The Channel Data Buffers (also referred to as the data buffers) 
may reside anywhere in the memory within the addressing range 
of the Channel Buffer Pointers. Any number of data buffers may 
be assigned for any channel and their starting addresses may 
be changed at any time. A set of data buffers are usually assigned 
for each active channel for storing the data to be transmitted and 
another set for the received data. 

TRANSMIT DATA/COMMAND BUFFER ORGANIZATION 

A general organization of data within a buffer and the linking of 
buffers are illustrated in Figure 13. The detail contents of a 
Transmit Data Buffer are shown in Figure 14. The contents of 
a Transmit Command Buffer are shown in Figure 15. Information 
within the buffer is organized into two groups: descriptors and 
data. 

The first group of seven bytes contains the buffer descriptors, 
i.e., information such as the link (pointer) to the next transmit 
data buffer, buffer size, the number of data bytes in the buffer 
and buffer status. This group of information is mandatory for each 
buffer. 

The second group contains k-bytes of information, k being a vari- 
able number. This group contains user data (including any 
header) that has to be framed according to HDLC, data to be 
transmitted unframed, or channel mode and fill/mask information. 

TRANSMIT CHANNEL DESCRIPTORS 

The breakdown and the ordering of the seven bytes of descrip- 
tors appears in Figure 14. The first six bytes contain the next 
buffer address, the buffer size and the data length — each con- 
sisting of two bytes. The relative locations of the upper and the 
lower bytes are interchangeable by the use of the input strap 
pin MDFS. The seventh byte contains the status of the current 
transmit buffer as well as the status of the transmit channel. A 
byte not used by the R8071, and free to be used by the host, 
will proceed or follow the status byte as determined by MDFS 
(Figure 14). 

Next Buffer Start Address 

Bytes and 1 contain the 16-bit start address of the next buffer. 
The next buffer start address can be the same as that of the cur- 
rent buffer. Such a buffer is referred to as a recirculating buffer. 
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b. MDFS = LOW (iAPX 86-BASED) 







Figure 12. System Memory Map Locations 
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BYTE 
ADDRESS 



i + 7 
(i+7) + 1 



7 BYTES OF BUFFER DESCRIPTORS 



(i + 7) + k 



k BYTES OF DATA TO BE TRANSMITTED 

(TRANSMIT DATA BUFFER) 

OR 

2 BYTES OF CHANNEL MODE 

AND RATE DEFINITION DATA 

(TRANSMIT COMMAND BUFFER) 



BUFFER 2 



m + 7 
(m + 7) + 1 



7 BYTES OF BUFFER DESCRIPTORS 



(m + 7) + n 



n BYTES OF DATA TO BE TRANSMITTED 

(TRANSMIT DATA BUFFER) 

OR 

2 BYTES OF CHANNEL MODE 

AND RATE DEFINITION DATA 

(TRANSMIT COMMAND BUFFER) 



BUFFER N 



p + 7 
(P+7) + 1 



7 BYTES OF BUFFER DESCRIPTORS 



(p + 7) + r 



r BYTES OF DATA TO BE TRANSMITTED 

(TRANSMIT DATA BUFFER) 

OR 

2 BYTES OF CHANNEL MODE 

AND RATE DEFINITION DATA 

(TRANSMIT COMMAND BUFFER) 



NEXT BUFFER START ADDRESS 



NEXT BUFFER START ADDRESS 



NEXT BUFFER START ADDRESS 



Figure 13. Organization and Linking of Transmit Buffers. 
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SECOND DATA BYTE 
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(i + 7)+j 
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LAST LOCATION IN BUFFER 



a. MDFS ^ High b. MDFS = Low 

Figure 14. Transmit Data Buffer Contents 
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b. MDFS = Low 



Figure 15. Transmit Command Buffer Contents 
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Buffer Size 

Bytes 2 and 3 contain the 12-bit BUFFER SIZE, k The BUFFER 
SIZE specifies the total number of memory bytes allocated by the 
host processor for storing the data to be transmitted The four 
most significant bits are not used by the R8071 

The R8071 reads the buffer size only if the status indicates that 
the data buffer contains partial data and then interprets the buffer 
size to be the actual number of data bytes in this buffer The R8071 
does not read this word when the data buffer is a command buffer 



Data Length 

Bytes 4 and 5 contain the 12-bit DATA LENGTH field and a 2-bit 
field containing host processor options for rate adaptation and 
timer functions The remaining 2-bit field is not used by the R8071 

Data Length— DATA LENGTH, j, specifies the actual number of 
data bytes m the buffer to be transmitted. The R8071 reads DATA 
LENGTH only if the status indicates that the buffer contains the 
last byte of an HDLC frame or non-HDLC data (CF/P = 1). 

FO— Flag Offset Control, This bit is meaningful only when FC 
IS set. When FO is set by the host, the transmitter of the specific 
channel counts the total number of HDLC zeroes intentionally 
inserted over the data and the CRC fields for the entire duration 
of transmission. At the end of each HDLC frame, it divides the 
accumulated number by eight and retains the remainder The 
quotient is known as the flag count offset. The quotient represents 
the number of bytes of non-data entities transmitted and can be 
viewed as the HDLC intra-framefill. The R8071 subtracts the flag 
count offset from the FLAG COUNT which was specified without 
the knowledge of the inserted zeroes The resultant count equals 
the actual number of additional flags that are transmitted by the 
R8071. This IS extremely useful in synchronous data rate-adaption 
applications. 

The flag count offset can be any number from zero through three, 
implying that HDLC frames long enough to cause up to 24 zero 
insertions can be monitored by the transmitter without any over- 
flow of the internal 2-bit flag count offset If the resultant flag count 
after subtracting the offset is zero or negative, no additional flags 
are transmitted 

When FC is a 0, the FLAG COUNT is not adjusted. For applica- 
tions such as LAPD which require an opening flag and a separate 
closing flag, FC should be set, FO reset, and FLAG COUNT set 
to1 

In a non-HDLC mode, the flag count offset will always be zero. The 
state of FO does not matter. 



FC— Flag Control. When set by the host, this bit specifies that 
the corresponding HDLC channel transmitter contains a certain 
number of HDLC flags after the CRC. A minimum of one FLAG 
that plays the dual role of the closing FLAG of the current frame 
and the opening FLAG of the next frame is sent regardless of FC 
The actual number of additional flags to be transmitted when FC 
IS a 1 IS dependent on the optional FLAG COUNT byte shown m 
Figure 14 



This flag control feature is very useful in rate adaption of 
sub-64 kbps data rates to the 64 kbps bearer channel rate and also 
as a timer The R8071 automatically goes to the next buffer after 
sending the specified number of flags. 

In the non-HDLC data mode, the R8071 sends the specified 
number of ail ones octets after the last data byte. 

For the non-HDLC signaling channel, buffers need to be speci- 
fied to be partial data buffers for meaningful operation. In such 
a case, FC will not be read 

When FC is reset, no additional flags are transmitted The R8071 
does not process the FC bit in a command buffer. 

Transmit Buffer Status 

The Transmit Buffer STATUS byte contains the status of the current 
transmit buffer as well as the status of the transmit channel 
(Figure 14) The individual bits are defined as follows 

MPTY— Empty. This bit is set by the host to inform the R8071 that 
the data buffer is empty, i e., data is not ready for transmission 
The host resets this bit when the buffer contains valid data ready 
for transmission. When the buffer is empty, the R8071 keeps 
polling this bit until it is non-empty 

This bit IS set by the R8071 to inform the host that the R8071 has 
completed transmission of all the data in this buffer or completed 
processing a command buffer 

CMND— Command. This bit is set by the host to inform the R8071 
that this buffer is a command buffer. A command buffer contains 
channel-specific mode definition and FILL/MASK information 
This bit IS reset by the host to indicate that the buffer is a data buffer 
which contains transmit data Upon writing status, the R8071 will 
update the CMND bit according to the buffer type just processed 

CF/P— Complete Frame/Partial Data Buffer. This bit is set by 
the host to indicate that this buffer contains the last byte of a 
sequence of bytes to be formatted according to HDLC The R8071 
automatically appends CRC and flag to the data before looking 
for more data in the next buffer The actual number of data bytes 
IS specified by the 12 bit DATA LENGTH words 

In non-HDLC applications, this bit must be reset to indicate 
continuous data transmission, otherwise the all ones octet pattern 
will be transmitted after the last byte of data in a buffer. 

This bit IS reset by the host to indicate that this buffer contains only 
a part of the data to be transmitted; the rest perhaps is in one or 
more succeeding buffers. Such a buffer is referred to as a partial 
data buffer In this case, the R8071 transmits all the data in this 
buffer and then automatically transmits any data in the next buffer. 
The actual number of data bytes is specified by the 12-bit BUFFER 
SIZE word. 

The R8071 does not read the CF/P bit in a command buffer It 
will, however, set the CF/P bit when reporting status for a 
processed command buffer The CF/P bit will also be set upon 
completion of the first signaling (partial) buffers 
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IVBA— Invalid Buffer Address. This bit is set by tine R8071 if it 
encounters an Invalid next buffer address, i.e., a next buffer 
address with a starting address of 16 zeroes or hexadecimal FFFX 
(X = don't care). In this case, the specific transmit channel of the 
R8071 enters the inactive state and continuously transmits octets 
of all ones until a channel is reactivated by the host. 

UNDR— Underrun. This bit Is set by the R8071 when its transmit 
channel runs out of data. Such is the case when the R8071 
encounters either an invalid buffer address, an empty data buffer, 
or a command buffer following a partial data buffer. In HDLC mode, 
the transmitter of the specific channel automatically transmits an 
ABORT code, followed by FLAGs until the condition is cleared. 
In all cases of underrun, the non-HDLC transmit channel sends 
the all ones octet pattern repeatedly until a valid non-empty data 
buffer is set up by the host. The remaining bits in the status byte 
will not be read by the R8071, however, they will be reset upon a 
status update. 

TRANSMIT DATA BUFFER 

A transmit data buffer contains actual data to be transmitted and 
optional FLAG COUNT byte for rate adaption (Figure 14). 

TRANSMIT COMMAND BUFFER 

A transmit command buffer contains exactly two bytes of data fol- 
lowing the seven bytes of descriptors (Figure 15). 

The first byte (MODE) defines the channel modes of operation— 
specifically HDLC, signaling, data inversion and loop back. The 
second byte (FILL/MASK) defines the data rate. The breakdown 
and the ordering of bytes within the command buffer are illustrated 
in Figure 15. 

For a command buffer, the R8071 will not process the bytes at 
addresses [i -i- 2, 1 -i- 3] and [I + 4, 1 + 5] as the data length Is pre- 
sumed to be exactly 2 bytes. However, the R8071 will read the next 
buffer address at locations I and I + 1 as part of processing the com- 
mand buffer. As mentioned before, the relative locations of the 
upper and the lower bytes of the next buffer address are inter- 
changeable by means of MDFS. The mode and FILL/MASK bytes 
locations are not interchangeable by MFDS. 

MODES 

The MODES byte specifies the operational modes of the given 
channel— specifically, HDLC or non-HDLC, signaling channel or 
not, data to be inverted bit-by-bit prior to transmission or not and 
channel transmit data to be looped back via the receiver to the 
host shared memory or not (Figure 14). 

BIG and HDLC— Mode Select. These two bits select the R8071 
framing mode. 

SIG HDLC Mode Selected 

1 Non-HDLC Signaling Channel Mode 

Non-HDLC Data Channel Mode 

1 HDLC Data Channel Mode 

1 1 Reserved 



Non-HDLC Signaling Channel Mode. The channel carries bit- 
oriented signaling data without an HDLC format. The R8071 treats 
this channel without any special consideration to signaling. 
However, the R8071 assumes that only one, or at the most two, 
linked data buffers are assigned to the signaling channel by the 
host. Additionally, the last data buffer (even if it is the only buffer) 
Is assumed to be a recirculating buffer. 

Non-HDLC Data Channel Mode. The channel is a non-HDLC data 
channel. In DMI applications, data modes and 1 may be speci- 
fied by this combination. The CF/P bit of the status byte 
of the allocated data buffers must be reset for uninterrupted data 
transmission, otherwise, the R8071 will transmit the all ones octet 
pattern repeatedly after the last byte as many times as is dictated 
by FC, FLAG COUNT and the availability of the data in the next 
buffer. The channel time fill and the idle codes are one and the 
same. 

HDLC Data Channel Mode. The channel is an HDLC data channel 
or a LAPD message-oriented HDLC signaling channel. No distinc- 
tion Is made between an HDLC data channel and a LAPD chan- 
nel. No special handling is done on the header, i.e., address and 
control fields of the HDLC frame. The information field is assumed 
to be an integer number of octets or bytes. The 16-bit CRC-CCITT 
generator polynomial, X16 + X''2 + x^ + 1 is used for calculating 
the FCS. The transmitted ABORT sequence has 14 consecutive 
ones to satisfy SDLC and HDLC requirements. 

INV— Invert Data. When set by the host, the R8071 inverts the data 
prior to transmission whenever the channel is active. When reset 
by the host, the R8071 sends the data non-inverted, i.e., as it is 
read from the transmit buffer. With INV bit set by the host (when 
the channel is idle), an octet of eight zeroes (Os) is sent for HDLC 
or non-HDLC channels. However, when INV is not set, an octet 
of eight ones (Is) is sent for idle code. All other data including HDLC 
flag and ABORT Is conditioned by the INV bit. 

Note that the combination of the HDLC procedure and data inver- 
sion guarantee that there will not be more than five consecutive 
zero bits m any primary rate channel during data transmission or 
seven consecutive zero bits during ABORT transmission. 

LOOP— Loop Mode. When set by the host, the associated trans- 
mit channel data is stored internally in R8071 in addition to being 
transmitted. If the LOOP bit for the corresponding receive chan- 
nel is also set, the previously stored transmit channel data can be 
looped back to the shared memory through the receive channel. 

Only one channel can be placed in LOOP mode at any time for 
reliable loop operation. But the loop channel number, the 
FILL/MASK and Its mode can be specified independently for any 
transmit and receive channel and need not be identical. Such a 
provision makes possible powerful software-based diagnostics 
routines. 

Note that the loop mode operation will fail without the host being 
informed if the host programs only a transmit channel in the loop 
mode without programming a receive channel. However, the host 
shared memory will still be filled with the external serial data of 
the channel, if the channel is active. 
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FILL/MASK 

The second byte of a command buffer contains the FILL/MASK 
pattern. It is used as a masking pattern on the HDLC-formatted 
(including FLAG, header, data, CRC and ABORT code) or non- 
HDLC data to adapt subrates that are multiples of 8 kbps to the 
64 kbps rate 

TRANSMIT CONSIDERATIONS 

Minimum Number of Data Bytes in a Buffer 

There is a minimum number of data bytes required in each buffer 
in order for the R8071 to perform the buffer maintenance and still 
effect a smooth transition to the next buffer. The minimum num- 
ber of bytes depends on the type of the buffer and that of the fol- 
lowing buffer. Table 2 gives a summary. 

Maximum Number of Data Bytes in a Buffer 

The number of data bytes m a complete frame buffer, as speci- 
fied by the DATA LENGTH word, should not exceed 4095 (212-1) 
This does not include the optional one-byte FLAG COUNT The 
number of data bytes in a partial data buffer, as specified by the 
BUFFER SIZE word, should not exceed 4095 (2^2.-1) 

RECEIVE DATA BUFFER/COMMAND ORGANIZATION 

A general organization of data within a buffer and the linking of 
receive buffers is illustrated in Figure 16 The detail content of a 
Receive Data Buffer is shown in Figure 17 The content of a 
Receive Command Buffer is shown in Figure 18. Information within 
the buffer is organized in to two groups- descriptors and data. 

The first group of bytes contains the buffer descriptors, i.e , infor- 
mation such as the link to the next buffer, buffer size, the number 
of data bytes in the buffer and buffer status. This group of infor- 
mation IS mandatory for each buffer. 

The second group contains k-bytes of information, k being a vari- 
able number They may be the received data (including any 
header) after processing by R8071 (if necessary), or channel mode 
and data rate definition information as specified by the host 
processor. 

RECEIVE CHANNEL DESCRIPTORS 

The breakdown and the ordering of the seven bytes of descrip- 
tors IS shown in in Figure 17 The first six bytes contain the next 



buffer address, the buffer size and the data length— each 
consisting of two bytes. The relative locations of the upper and the 
lower bytes are interchangeable by the use of the input strap pin 
MDFS The seventh byte contains the status of the current receive 
buffer as well as the status of the receive transmit channel A byte 
not used by the R8071, and free to be used by the host, will pro- 
ceed or follow the status byte as determined by MDFS (Figure 14) 

Next Buffer Start Address 

Bytes and 1 contain the 16-bit NEXT BUFFER ADDRESS writ- 
ten by the host The meaning of invalid and recirculating buffers 
are the same as those for the transmit buffer. 

Buffer Size 

Bytes 2 and 3 contain the 12-bit BUFFER SIZE, k, written by the 
host The BUFFER SIZE specifies the total number of memory 
bytes allocated by the host for storing the data to be received The 
four most significant bits are not used by the R8071 

The R8071 reads it and stores it for all except command buffers 
If the last byteof a receive HDLC frame is not received before the 
buffer IS completely filled, the R8071 automatically searches for 
the availability of the next buffer specified. 

Data Length 

Bytes 4 and 5 contain the 12-bit DATA LENGTH field, j, written by 
the R8071. DATA LENGTH specifies the actual number of received 
data bytes transferred to the receive data buffer by the R8071 The 
four most significant bits are not used. (The R8071 clears these 
bits to zeroes.) 

DATA LENGTH is written by the R8071 after it receives the last byte 
of an HDLC frame, receives the HDLC ABORT code, or upon the 
loss of multiframe alignment error from a non-HDLC signaling 
channel. DATA LENGTH is not written if the end of the allocated 
buffer IS reached before the last byte is received (data frame length 
greater than buffer size) In such a case, the data length is equal 
to the given buffer size. Also, data length may not be written if the 
ATTN input is asserted, resulting in the deactivation or reactiva- 
tion of an active channel. DATA LENGTH will not exceed the 
programmed buffer size DATA LENGTH is not meaningful in a 
command buffer. 











Table 2. Minimum Number of Data Bytes 




Current Buffer Status 




Next Buffer Status 


Min. No. of 
Data Bytes in 
Next Buffer* 




as Set Up by Host 




as Set Up by Host 




CMND 


MPTY 


CF/P 


CMND 


MPTY 


CF/P 
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1 







X 
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2 ^ 


Complete frame buffer following a 
command buffer 


1 







X 











5 


Partial data bufffer following a com- 
mand buffer 


X 


X 




X 


1 





X 


2 


Command buffer following any buffer 










1 











5 


Partial data buffer following a com- 
plete frame buffer 










1 








1 


2 


Complete frame buffer following a 
complete frame buffer 



















1 


3 


Complete frame buffer following a 
partial data buffer 






















6 


Partial data buffer following a partial 
data buffer 


*Data byte refers only to the actual heac 


er data or information or mode but not the buffer descriptors 


Dr the optional flag count 
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BYTE 
ADDRESS 



i + 7 
(i + 7) + 1 



(i + 7) + k 



m + 7 
(m + 7) + 1 



(m + 7) + n 



p + 7 
(p + 7) + 1 



(p+7) + r 



BUFFER 1 



7 BYTES OF BUFFER DESCRIPTORS 



k BYTES FOR RECEIVED DATA 
(RECEIVE DATA BUFFER) 
OR 
2 BYTES OF CHANNEL MODE 
AND RATE DEFINITION DATA 
(RECEIVE COMMAND BUFFER) 



7 BYTES OF BUFFER DESCRIPTORS 



n BYTES FOR RECEIVED DATA 
(RECEIVE DATA BUFFER) 
OR 
2 BYTES OF CHANNEL MODE 
AND RATE DEFINITION DATA 
(RECEIVE COMMAND BUFFER) 



BUFFER N 



7 BYTES OF BUFFER DESCRIPTORS 



r BYTES FOR RECEIVED DATA 
(RECEIVE DATA BUFFER) 
OR 
2 BYTES OF CHANNEL MODE 
AND RATE DEFINITION DATA 
(RECEIVE COMMAND BUFFER) 



NEXT BUFFER START ADDRESS 



NEXT BUFFER START ADDRESS 



NEXT BUFFER START ADDRESS 



Figure 16. Organization and Linl<ing of Receive Data Buffers 
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Figure 17. Receive Data Buffer Contents 
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Figure 18. Receive Command Buffer Contents 
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Receive Buffer Status 

The Receive Buffer STATUS byte specifies the status of the 
current receive buffer as well as the status of the receive chan- 
nel. The individual bits are defined as follows. 

MPTY— Empty. This bit is set by the host to inform the R8071 
that the buffer is empty, i.e., available for storing the received 
data. When the bit is reset, the buffer is not empty , i. e., not 
available to store the received data. The R8071 polls this bit until 
it is empty before it writes the received data. 

This bit is reset by the R8071 whenever it updates the buffer 
status. This is the case even if the R8071 writes only a single 
byte and then is forced to update the buffer status because of 
abnormal conditions. 

CMND— Command. This bit is set by the host to inform the 
R8071 that this buffer is a command buffer. The command buffer 
contains channel-specific mode definition and FILL/MASK infor- 
mation at the next two bytes following the STATUS byte. This bit 
is reset by the host to indicate that this buffer is a data buffer 
meant to store received data. 

CF/P— Complete Frame/Partial Data Buffer. This bit may be 
reset by the host at buffer initialization. This bit is set by the R8071 
to indicate that this buffer contains the last byte of an HDLC 
frame. The R8071 automatically verifies the ORG and the starts 
the next HDLC frame before writing the data of the next HDLC 
frame in the next available buffer. In HDLC and Non-HDLC 
modes, if the reception of data is truncated by a resync condi- 
tion asserted^by an ABORT RSYNC, TMAX or RRED, the R8071 
sets the CF/P bit and writes the DATA LENGTH of the truncated 
buffer. In signalling Channel Mode, when two consecutive sig- 
nalling synchronjzation errors are encountered, the R8071 will 
also set the CF/P bit. 

This bit is reset by the R8071 to indicate that this buffer contains 
only a part of the received data and that more data is expected 
to be placed in one or more succeeding buffers. In HDLC mode, 
it implies that the last byte of the HDLC frame is not in this buffer. 
For non-HDLC data and signaling channels, this bit will be invari- 
ably_reset after the buffer is filled. The R8071 does not read the 
CF/P bit in a command buffer. Note that the host can detect 
whether a received HDLC frame size exceeded the maximum 
anticipated buffer size by simply checking for CF/P to be set in 
the starting buffer of the HDLC frame. 

ABRT— Abort. This bit is written by the R8071 and, in conjunc- 
tion within the FCER and SHER bits, reports abnormal condi- 
tions detected by the R8071 (see Table 3). 

FCER— Frame Check Error. This bit is written by the R8071 and, 
in conjunction within the ABRT and SHER bits, reports abnormal 
conditions detected by the R8071 (see Table 3). 

SHER— Short HDLC Frame Error. This bit is written by the R8071 
and, in conjunction within the ABRT and FCER bits, reports 
abnormal conditions detected by the R8071 (see Table 3). 

IVBA— Invalid Buffer Address. This bit is set by the R8071 if 
it encounters an invalid next buffer address. In this case, the 
specific receive channel enters the idle state and will not receive 
more data until re-activated by the host. 

OVER— Overrun. This bit is set by the R8071 after its receive 
channel has no next data buffer available for received data. Note 
that a command buffer is not available for data. The OVER bit 



is written as part of the status of the just completed buffer. Also 
note that no overrun will be reported for non-HDLC signaling 
channel data buffers. New data will be written in place of any 
earlier received signaling data. 

Table 3. Receive Buffer Status— Error Table 



ABRT 


FCER 


SHER 


Description 











No errors detected 








1 


1 



Short or Non-integer HDLC Frame Error 
CRC Error 




1 


1 




1 




CRC Error & Non-integer Error 
HDLC ABORT Code Received 


1 
1 




1 


1 




Non-HDLC Multiframe Alignment Lost 
Elastic Buffer Error & RSYNC Error 


1 


1 


' 


RRED Alarm 



RECEIVE COMMAND BUFFER 

A receive command buffer is identical to the transmit command 
buffer in that it contains exactly two-bytes of data following the 
STATUS byte for defining the channel modes and data rate. 

The first byte (MODE) defines the channel modes of operation— 
specifically HDLC, signaling, data inversion and loop back. The 
second byte (FILL/MASK) defines the data rate. A data buffer 
contains the actual data received after processing by the R8071. 

The breal<down and the ordering of bytes within the command 
buffer are illustrated in Figure 18. 

For a command buffer, the R8071 does not process the bytes 
at addresses [i + 2, i + 3] and [i + 4, i + 5] as the data length is 
presumed to be exactly two bytes. However, the R8071 reads the 
next buffer address at locations i and i + 1 as part of processing 
the command buffer. As mentioned before, the relative locations 
of the upper and the lower bytes of the next buffer address are 
interchangeable by means of the MDFS input. The mode and 
FILL/MASK bytes locations are not interchangeable by MDFS. 



MODES 

The MODES byte is the first byte following the status byte and 
specifies the operational modes of the given channel- 
specifically, HDLC or non-HDLC, signaling channel or not, data 
to be inverted bit-by-bit prior to receiver processing or not and 
channel receive data source to be the loop register or not. 

SIG HDLC Mode 

1 Non-HDLC Signaling Channel Mode 

Non-HDLC Data Channel Mode 

1 HDLC Data Channel Mode 

1 1 Reserved 

Non-HDLC Signaling Ctiannel Mode. The R8071 processes the 
received bit-oriented signaling data without the HDLC format 
(G.732 or DMI). The R8071 arranges the received signaling data 
as in Figure 19 for easy association of the channel number and 
its signaling bits. In addition, errors in multiframe alignment 
sequence will be detected and any resulting loss of multiframe 
alignment will be reported in the STATUS byte. 
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BYTE 
ADDRESS 


CONTENTS 


7|6|5|4|3|2|l 





i 


NEXT BUFFER ADDRESS = i or j 


i + 1 


i + 7 


i 


REST OF THE DESCRIPTORS 


? 


(i + 7) + 1 

(i + 7) + 2 

(i + 7) + 3 

s : a 

(i+7) + 11 
(i + 7) + 12 
(i+7) + 13 
(1+7) + 14 
(1+7) + 15 
(i+7) + 16 
(i+7) + 17 

■■ i ■■ 

(i + 7) + 23 
(i + 7) + 24 


X 


X X X B1 A1 


A13 


X 


X X X B2 A2 


A14 


X 


X X X B3 A3 


A15 


s 


: 5 


X 


X X X B11 A11 


A23 


X 


X X X B12 A12 


A1 


X 


X X X B13 A13 


A1 


X 


X X X B14 A14 


A2 


X 


X X X B15 A15 


A3 


X 


X X X B16 A16 


A4 


X 


X X X B17 A17 


A5 


: 


X 


X X X B23 A23 


All 


1 ( 


) Ys 1 1 1 


A12 



BYTE 
ADDRESS 


CONTENTS 




7 


6 


1 5 


4 1 3 


2 


1 1 







1 




NEXT BUFFER ADDRESS = 


orj 






1 + 1 




1 + 2 
1+7 




REST OF THE DESCRIPTORS 


S5 


(i + 7) + 1 
(i + 7) + 2 
(i + 7) + 3 

s : '" 

(i + 7) + 11 
(i + 7) + 12 
(i + 7) + 13 
(i + 7) + 14 
(i + 7) + 15 
(I + 7) + 16 


D17 


C17 


B17 


A17 D1 


C1 


B1 


A1 




D18 


CIS 


B18 


A18 D2 


C2 


B2 


A2 




D19 


C19 


B19 


A19 D3 


C3 


B3 


A3 




s 












■\ 


D27 


C27 


B27 


A27 D11 


C11 


B11 


All 




D28 


C28 


B28 


A28 D12 


C12 


B12 


A12 




D29 


C29 


B29 


A29 D13 


C13 


B13 


A13 




D30 


C30 


B30 


A30 D14 


C14 


B14 


A14 




D31 


C31 


B31 


A31 D15 


C15 


B15 


A15 




1 


1 


Ys 


1 














a. T1 Mode b. CEPT PCM 30 Mode 

Figure 19. Receive Buffer Data Arrangement for Non-HDLC Bit-Oriented Signaling Channel 



Non-HDLC Data Channel Mode. The channel is a non-HDLC 
data channel that can support DM! data modes or 1. 

As soon as a channel receiver is activated with mode, the R8071 
checks the availability of the allocated buffer and starts placing 
the received data in the buffer. After filling a buffer, it updates 
the statu s of the just completed buffer, simultaneously assert- 
ing INTR. It then moves on to the next allocated buffer. Since non- 
HDLC data has no frame boundary, this process will continue 
forever unless the host interrupts by an ATTN or the system runs 
out of allocated buffers. 

HDLC Data Channel Mode. The channel is to receive HDLC- 
formatted data. It can imply an HDLC-formatted data channel, 
such as the ones in DMI mode 2 or 3 or X.25 LAPB, or a 
message-oriented signaling channel as in LAPB. The R8071 
treats each one of them the same way and deformats the data. 
No special handling is performed on the header, I.e., the address 
and control fields of the HDLC frame. The information field is 
assumed to be an integer number of octets or bytes. The 16-bit 
CRC-CCITT generator polynomial, X16 + xi2 + x^ + 1 is used 
for recomputing the PCS. Abort and flag characters are recog- 
nized as are intentionally inserted zeroes. 

INV— Invert Data. When set by the host, the R8071 inverts the 
received data prior to processing. When INV is reset by the host, 
the R8071 does not Invert the received data. The INV bit is applied 
to every received bit. 



LOOP— Loop Mode. When set by the host, the R8071 selects 
as its input the serial output data from the internal loop data 
buffer, as opposed to the externally supplied serial data. If an 
identically numbered transmit channel was also programmed to 
be in the loop mode earlier, data from that channel is looped 
back to the shared memory through the receive channel. The 
loop channel number, FILL/MASK, and its mode can be speci- 
fied independently for any transmit and receive channel and need 
not be identical. If no transmit channel has loop activated, the 
R8071 processes the channel as if a receiver RRED condition 
were active for that channel duration. 

FILL/MASK 

The second byte of a command buffer contains the FILL/MASK 
pattern. It is used as a masking pattern on the HDLC-formatted 
(including flag, header, data, CRC, and ABORT code) or non- 
HDLC data to adapt subrates that are multiples of 8 kbps to the 
64 kbps rate. 

Table 4 shows the data rates of the form nx8 kbps (n = 1, 
2, . . ., 8) and several examples of codes for the FILL/MASK to 
adapt the subrates to the 64 kbps rate. The actual data bit is 
transmitted on TSER output as long as the FILL/MASK is a 1 
at the corresponding bit position. If the FILL/MASK = 0, a FILL 
bit of 1 is transmitted in place of the data bit on TSER as long 
as TSEREN = 1. The data bit that is held In favor of the FILL 
bit is buffered internally until all the FILL bits have been trans- 
mitted corresponding to the FILL/MASK bits equalling 0. 
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Table 4. 


Examples of FILL/MASK Options 


Option 
No. 


Data 
Rate 


Bit 


Remarks 


7 
(MSB) 


6 


5 


4 


3 


2 


1 



(LSB) 


0* 


Kbps 


























No data will be sent. A time FILL of eight Is will be sent 
provided TSEREN = 1. 


1 


8 Kbps 












1 





















Arbitrary-user defined. A 1 in any one bit position but only 
one 1. 


2 


16 Kbps 






1 






1 





1 







1 






1 







1 





1 






1 






User defined patterns, a 1 in any 2 bit positions but only 
two Is 


3 


24 Kbps 








1 








1 






1 
1 


1 




1 




A total of three 1s anywhere as defined by user 


4 


32 Kbps 




1 
1 




1 









1 




1 



1 




1 



1 


1 





A total of four Is anywhere as defined by user 


5 


40 Kbps 










1 




1 


1 


1 


A total of five Is anywhere as defined by user. 


6 


48 Kbps 










1 




1 


1 


1 


A total of SIX Is anywhere as defined by user. 


7 


56 Kbps 





1 




1 




1 


1 


1 


Standard rate in Digital Data Service, restricted version of 
64 Kbps. 


1 


1 




1. 




1 


1 





A total of seven 1s anywhere as defined by user. 


8 


64 Kbps 


1 


1 




1 




1 


1 


1 




*Special purpose mode, transmitter operates as if at 64 Kbps including fetching data from shared memory, even though no data is transmitted 



When the FILL/MASK bit becomes a 1 again, the buffered data 
bit is transmitted on a first in-first out basis (Figure 7.) 

Thus, there is a one-to-one correspondence between the 
FILL/MASK bit and the T1 or CEPT PCM 30 channel serial data 
associated with the FILL/MASK bit position. 

When the FILL/MASK bit is 0, TSEREN determines what is to 
be transmitted on TSER: 

Data Bit FILL/MASK Bit TSEREN TSER (Output) 

1 1 X 1 

1 X 

X 11 

X High Z 

The data bit may be the same as, or logical complement (inverted 
version), of the actual data. 

A bit-oriented 64 kbps signaling channel should be programmed 
with 1111 1111 as the FILL/MASK. The R8071 will not override 
any other user-supplied FILL/MASK pattern even if It is errone- 
ous, i.e., not equal to 1111 1111. An IDLE bit-onented signaling 



channel will carry 1111 1111 as long as the channel is IDLE. Any 
remote receiver will not be able to achieve signaling channel 
multiframe alignment if 1111 1111 is received continuously. 

RECEIVE CONSIDERATIONS 

Minimum Buffer Size 

There is a minimum number of memory locations that have to 
be allocated in each buffer for the R8071 to perform the buffer 
maintenance and still effect a smooth transition to the next buffer 
without losing data. The minimum buffer allocations for data must 
allow SIX data bytes in addition to the seven bytes of descrip- 
tors. Command buffers have exactly two bytes and are processed 
without regard for the BUFFER SIZE word. 

Note: The minimum HDLC frame received can have as few as 
two bytes of data and the R8071 will still function properly; 
however, it is essential that a buffer size of six must be allocated 
as a minimum since the received frame size Is not known apriori. 
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SHARED MEMORY ACCESS 

The R8071 accesses shared memory for buffer maintenance, 
command data, information and also for channel activation. It 
manages the buffer memory for up to 64 channels (32 transmit 
and 32 receive). 

The T1 or CEPT PCM 30 data throughput requirements demand 
that one octet of data be supplied to the transmitter and one octet 
of data be taken from the receiver in a single channel period 
(8 TCLK periods). The host and the R8071 must work coopera- 
tively to meet the data throughput requirements. The R8071 uses 
a memory access scheme that simplifies the system design in 
achieving the required data throughput. 

The R8071 processes the memory requirements of up to 32 chan- 
nels in the same order in which they are multiplexed in a T1 or 
CEPT PCM 30 carrier system. Typically, during TX channel m 
(for example), the R8071 fetches a single data byte from memory 
for the transmitter so that it can transmit it over channel m at 
the next appropriate T1 or CEPT PCM 30 frame. Similarly, the 
last data byte received by channel j is written to the memory by 
the R8071 during the next appropriate receive channel j. Then 
it services TX channel (m + 1) and RX channel (j + 1) and so on. 

The R8071 divides a channel period in to two halves, each for 
a duration of 4 TCLK periods. Dunng the first half-channel period, 
it accesses the shared memory for channel command informa- 
tion, buffer descriptors, and/or transmit buffer data (including 
mode definition data) for a transmit channel. During the second 
half-channel period, it accesses the shared memory for chan- 
nel command information, buffer descnptors (including mode 
definition data), and/or received data for a receive channel. Since 
the transmit and the receive channel boundaries are generally 
unrelated, an elastic buffer is used to synchronize the receive 
channel boundary to that of the transmit channel. Hence, no con- 
tention exists between a transmit channel and receive channel 
for the shared memory. 

In each half-channel period, under normal circumstances, the 
R8071 accesses shared memory once for data. If descriptor 
information is also to be updated, it accesses shared memory 
a second time. Additionally, if system memory access is also 
required (as determined by assertion of the ATTN input), it 
accesses shared memory a third time. In summary, different 
states of buffer processing will cause anywhere from zero to three 
accesses to shared memory for an active channel during a half- 
channel period. 

At the start of every half-channel period, the R8071 outputs the 
binary code for the 5-bit channel number (CH0-CH4) being 
served. It also specifies whether it is the receive or transmit chan- 
nel via the RX/TX output. About one-half TCLK period later, the 
R8071 asserts the Memory Demand (DMND) output. DMND 
rising edge informs any external shared memory arbitration logic 
that the R8071 needs unconditional access to the shared memory 
within one TCLK period from DMND rising edge. Note that the 
R8071 will not wait for a memory acknowledge to start memory 
access. Thus there is an implied memory acknowledg e after o ne 
TCLK. See Figure 20 for timing. Prior to asserting READ or 
WRITE strobes, the R8071 asserts Memory Address Strobe (AS). 



At AS falling edge, the memory address on the A0-A15 lines is 
valid. Simultaneously, when the memory address changes, the 
output SYSACC is asserted provided the system memory is being 
addressed. Moreover, the R8071 will selectively tri-state the high 
order memory address lines (A8-A15) during the system memory 
accesses when specified so by UAEN. 



Following AS, the R8071 asserts the READ or WRITE output 
strobe for read or write operation, respectively. The data on the 
da ta bus (D0-D7) is latched by R8071 just prior to the rising edge 
of READ during a read operation. Data placed o n the da ta bus 
is written to the memory during the period that WRITE is low. 

Address setup time, address hold time, data setup time, and data 
hold time are specified such that a wide v ariety of off-the-shelf 
RAM devices may be used. The READ output from R8071 
may be used as an Output Enable (OE) input to the RAM devices. 
Since the R8071 uses its SYSCLK input to generate the various 
strobes for memory access, the access time requirements are 
automatically scaled depending on the T1 or CEPT PCM 30 
application. 

Once the R8071 makes the first memory access, it assumes that 
continued access to the memory is guaranteed as long as DMND 
is active. It no longer waits for one TCLK period before the actual 
memory access. At the most, there may be two more memory 
accesses. Such a case is illustrated in Figure 20. After completing 
the needed memory accesses, the R8071 negates the DMND 
output indicating that it no longer needs access to memory. It 
also negates the SYSACC output as long as it does not access 
system memory locations. 

The minimum one TCLK latency (two TCLK periods with ATTN 
inactivity) between DMND and the actual memory access is con- 
sidered to be sufficient for an external arbitration logic to release 
the memory bus to the R8071. Failure to do so may cause loss 
of data and unpredictable operation. The time between DMND 
going low and the start of the first memory access by R8071 is 
considered to be sufficiently long either for a single complete 
memory bus cycle by the host or for the completion of a pend- 
ing host memory bus cycle. Since the R8071 does not wait for 
a memory acknowledgement, DMA-like operation using a sin- 
gle external shared address and a data bus cannot be 
guaranteed. 

Examples of the R8071 to shared memory interface waveforms 
are shown in Figure 20. 

MEMORY ADDRESS EXTENSION 

The 16-bit memory address output by the R8071 may be 
extended to more than 16 bits by the use of the channel num- 
ber (CH0-CH4) and RX/TX bits. These six bits may be used 
directly as higher order address bits for a 22-bit address, or they 
can be mapped by an external look-up table to another set of 
n bits (where n is specified by the host). Since the channel num- 
ber and RX/TX are output by the R8071 well in advance of the 
16-bit address, address translation time is not of any concern. 

Address selection for the system memory locations can be 
achieved by the host by using the SYSACC output and the UAEN 
input. External hardware can jam any address on the upper eight 
bits of the R8071 memory address, i.e., A8-A15, since the R8071 
tri-states them (if UAEN is active during SYSACC.) 
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MEMORY ADDRESS RESTRICTIONS 

System Memory Address 

The R8071 checks the start address of the first buffer of any chan- 
nel for an invalid address. It does the above check immediately 
after it reads the 2-byte start address from the system memory, 
as part of servicing the ATTN interrupt from the host If an invalid 
start address is detected for any channel, that channel is forced 
inactive automatically. 

Data Buffer Memory Addresses 

The R8071 checks the next buffer address for an invalid address 
for all the channels. If it is an invalid address, it forces the corre- 
sponding channel to an inactive state and also sets the IVBA 
status bit. Recovery from an idle state to an active state is possible 
only if the host system asserts the ATTN input to the R8071 In 
host systems using more than 16 bits for shared memory address, 
an invalid address, as interpreted by the R8071, refers to all 
addresses divisible exactly by 65,536 or an address of the form 
n X 216 X (1111 1111 1111 XXXX), where n is a power of 2 Within 
each 64 kbyte address block, only addresses 0001-FFEF (hex) 
are valid 

The R8071 BMM internal adder calculates the absolute memory 
address from the given buffer start address and any offset 
needed to locate either the bookkeeping information or the data 
byte. The maximum address within a buffer for a given channel 
IS the address of the last byte of the buffer Since it is always 
represented by a 16-bit binary number, it is restricted to 65,535 
(decimal) In other words, it is reduced to modulo 65,536. Hence, 
the following bound, 

16-b!t address of the last byte = 16-bit buffer start address 
+ 610 (for bookkeeping) 
- 12-bit data length or 
buffer size 

< 65,535 (decimal) or FFFF 
(hexadecimal) 

should be strictly adhered to when programming the buffer start 
address and the Data Length/Buffer Size; otherwise, the R8071 
Will access memory locations not intended for that channel 

It IS to be emphasized that the R8071 does check for buffer start 
addresses in the range FFFO through FFFF and declares them 
as invalid addresses. For systems using more than 65,535 byte 
addresses, all shared memory addresses must be within one 
64 kbyte page or bank. 

INTERRUPT INDICATION 

The R8071 asserts the Interrupt Indication (INTR) output anytime 
the status of any buffer is updated (written) by the R807 1. See 
Figure 20 for timing illustration. The a ctive p eriod of INTR is one- 
half TCLK period At the rising edge of INTR, the channel number 
(including RX/TX) and its current buffer status placed on the data 
bus are guaranteed to be valid so that they can be captured in 
an external FIFO queue. The R8071 does not queue the inter- 
rupts and their causes internally nor does it wait for an interrupt 
acknowledge from the host before removing the interrupting 
channel number and its buffer status. The R8071 processes a 
channel only for a half-channel penod and then moves on to the 
next channel 



In addition to capturing the channel number and buffer status, 
external hardware can also capture the actual memory address 
of the status byte in another FIFO queue. By reading such a 
queue, the host system can reallocate the completed buffers in 
any way it sees fit and also cross-check against its own list of 
linked buffer addresses If all the buffer start addresses are 
divisible exactly by eight, they can be derived from the STATUS 
byte addresses in the FIFO queue by simply setting the three 
LSB addresses to zero 

DEVICE INITIALIZATION 

Upon reset, all the transmit channels are forced to the inactive 
state All the transmit channels are initialized to the HDLC INV, 
NON-SIG data mode with a FILL/ MASK byte of eight Os. No data 
IS transferred from memory. All the receive channels are forced 
to the idle state They are initialized to the HDLC data mode with 
a FILL/MASK byte of eight Os No data is written to the shared 
memory The input strap pins define the TDM format, i e., T1 or 
CEPT PCM 30, and also the hyperchannel grouping. The modes 
bits are assumed to be (INV = 1 , LOOP = 0, SIG = 0) in addition 
to HDLC = 1 for each channel. 

The Transmit Multiframe Sync (TMAX) pulse is assumed to be 
valid for the purpose of generating an internal channel number 
The Receive Multiframe Sync (RSYNC) pulse and the RRED 
input are monitored by the R8071 to ascertain the receiver 
framing synchronization 

CHANNEL INITIALIZATION 

The host may activate any transmit or receive channel to any 
mode, by pointing it to a command buffer It does so in a simple 
and systematic manner as illustrated in Figure 21. 

It chooses a starting address for a command buffer and writes 
the 2-byte starting address as the data at the system memory 
location dedicated to the channel to be initialized It then pre- 
pares a command buffer at the above starting address by specify- 
ing the descriptor information and the mode of operation. A linked 
list of data buffers is set up by the host following the command 
buffer This completes the preparation for activating a channel. 

As the last step, the host writes to Channel Activation Byte 
containing the the channel number, channel direction and the 
activation command then asserts the ATTN input to the R8071 

If ATTN IS asserted, the R8071 first reads the Channel Activa- 
tion Byte. Based on the channel number, it then reads the start- 
ing address of the first buffer from the Channel Buffers Pointers, 
one byte at a time It stores the starting buffer address internally 
and acknowledges the task completion by asserting ATACK The 
host system must respond to ATACK negating ATTN. 

The negation of ATTN causes ATACK output to be negated. Thus 
the channel initialization process is complete. This process can 
be repeated for each channel that needs to be initialized. During 
each system memory access the R8071 asserts the SYSACC 
output. It needs to make three system memory accesses to com- 
plete the channel ATTN processing The worst case time delay 
from ATTN assertion to ATACK assertion is three T1 or CEPT 
PCM 30 channel periods The earliest is IV2 channel periods 
Since this is guaranteed, the host need not be polling the ATACK 
output blindly nor need it service the ATACK as an interrupt. 
Sample channel initialization sequences are shown in Figures 22 
and 23. 
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Figure 20. R8071 Shared Memory Example Interface Waveforms 
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J 




— (_ 


.. L 




~~\ 


-J 




READ 






— 1 1 — 










WRITE 








1 1 


\ 




ni'i \ J 


U0-U7 






\Li\ ) u 


) 




INTR1 






L 


1 










RX/TX 1 III 




CH0-CH4 1 III 






d. 


Read/Write Double Memory Access 


1 ACTIVATED BY STATUS WRITE ONLY. 



Figure 20. R8071 Shared Memory Example Interface Waveforms (Continued) 
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SYSCLK 
DMND 

AS 

A0-A15 
READ 


J 1 r 


-L_r-Lj-L_ru 


u L_n_j 


-i_n_r-L 




1 










1 1 1 


1 




( X 


s 


/ 








1 1 






WRITE 

D0-D7 

INTR 

RX/TX 
CH0-CH4 

SYSCLK 

DMND . 
AS 

A0-A15 
READ 

D0-D7 

RX/fX 

CH0-CH4 
SYSACC 




i—i 






/ V 


/7/77 \ 


V J 












1 


1 




1 1 

1 1 




1 




; ; 


1 


_n r 

f 


e. Write/Read Double 

"L_rL_rL_n_j 


Memory Access 

n n_n_r 


n 1 L-TL 

n 


1 










1 1 












\ ) 








1 1 










\\\\\ ) 






1 




1 1 


1 










1 




1 1 


1 










1 1 




f. Single System Read Memory Access 





Figure 20. R8071 Shared Memory Example Interface Waveforms (Continued) 
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SYSCLK 1 

DMND 


-LJ L_ 


J L_ 


1 1 


1 1 r 


n 


1 1 r 


n 


1 1_ 


r-L_r~L_ 

I 

1 
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AS 
A0-A15 




L 
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-( 




X 




V 
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INTR1 




1 


1 
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-m 
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D0-D7 




L. 


-J 
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CH0-CH4 1 III 












1 










READ 
SYSACC .,_ 

SYSCLK 

DMND 


g. Single 

-LJ L_ 


Write Memory A 

J LTL. 




J 












J 

ccess Plus 

1 1 r 


a Sins 
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1 

|le System 

1 1 r 
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Read Access 

-L_r-L_ 


FATUS WRITE ONLY. 
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VTED BY STATUS WRITE ONLY. 
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Figure 20, R8071 Shared Memory Example Interface Waveforms (Continued) 
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SYSCLK 

DMND 

AS 

A0-A15 
READ 



J~L 



n 



WRITE 
D0-D7 
iNTRi 



L_r 



-fflZK: 



— fflZ> 



RX/TX I 



CH0-CH4 
SYSACC 



1ACTIVATED BY STATUS WRITE ONLY. 



i. Write/Read Double Memory Access Plus Single System Read Access 



Figure 20. R8071 Sliared IVIemory Example Interface Waveforms (Continued) 



ORDER OF DATA 

Transmission 

The R8071 transmits data bytes in the same time sequence as they 
are arranged In ascending addresses in the external buffers. The 
data at byte address m is transmitted first, the one at address m + 1 
is transmitted next, and so on as long as the data bytes are in the 
same buffer. After the data in a single buffer is exhausted, the 
R8071 starts to transmit the next byte from the next buffer whose 
address is specified in the current buffer The transition to the next 
buffer is transparent to the host while maintaining the flow of actual 
data. 

The R8071 transmits the LSB (DO) of a data byte first; the next LSB 
is transmitted second; the MSB (D7) is transmitted last. The only 
exception Is that the MSB of the HDLC FCS (CRC-CCITT) is trans- 
mitted first; the LSB is transmitted last. 



Reception 

The R8071 writes received data bytes in the external shared 
memory in the same order in which they are received in time. The 
first received byte is written at byte m, the second received at byte 
address m + 1, and so on as long as the buffer is not completely 
filled or an end-of-frame is not reached. After the end of the frame 
or the end of the buffer (whichever occurs first) is detected, the 
R8071 writes the next received data byte at the first allocated 
address of the next available buffer The transition to the next buffer 
is transparent to the host and maintains the flow of the actual data. 

The R8071 writes the first received data bit of an octet at the LSB 
(DO) position of the external buffer byte; the second received data 
bit at the next to LSB position and so on. The last (eighth) received 
data bit of an octet is written at the MSB (D7) position of the data 
byte. 
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SHARED 
MEMORY 



FIRST ACCESS 



© 



HOST 
SYSTEM 



© 



© 



ATACK 



LOGIC AND 
STORAGE 



© 



CHANNEL ACTIVATION 
BYTE FOR ^ 
CHANNEL #m \3J 



CH. #m FIRST 
BUFFER START 
ADDRESS 



(?) HOST PREPARES DATA BUFFERS FOR A CHANNEL, ASSERTS ATTN. 

(2) R8071 SENSES ATTN, READS CHANNEL NO. IN CHANNEL ACTIVATION BYTE. 

(3) R8071 ADDRESSES THE MEMORY LOCATION DEDICATED FOR THE SPECIFIC CHANNEL. 

(4) R8071 READS AND STORES THE START ADDRESS OF THE FIRST BUFFER ALLOCATED 
FOR THE CHANNEL. 

(5) R8071 ACKNOWLEDGES TASK COMPLETION BY ASSERTING ATACK. 



Figure 21. Channel initialization 
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xxoo 

XX80 
XX81 

XX82 
XX83 

XXBE 
XXBF 


SYSTEM 


-<— 0: R8071 Sees ATTN go high. 

1: R8071 reads during system access (XXOO) 
(reads active transmit channel number). 

^^r— Addresses XX80 and XX81 (and XXB2 through XXBF) are not used in T1 modes. 




TXCHO 


TXCH1 




TX CH 31 




» <:.<.* k...M»)<. »*..»«:mm ...jw>«>.««. /#^m,ii«.«««m^ .... 












Data), then sets ATACK, and begins processing that buffer. 
3: ATACK is reset by the R8071 after ATTN goes low. 








4: R8071 continues processing command or data buffers as 
controlled by the status of each. 








NEXT 
COMMAND 

MODES 
FILLMASK 




NEXT 
DATA 

LENGTH 
MPTY = 

CF/P = 1 




NEXT 
DATA 

LENGTH 
MPTY = 

CF/P = 1 
























COMMAND BUFFER 




DATA BUFFER #1 




DATA BUFFER #2 


























NEXT 
BUFFER 

SIZE 
MPTY = 
CF/P = 


, 


NEXT 
BUFFER 

SIZE 
MPTY = 
CF/P = 


w 


NEXT 

DATA 
LENGTH 
MPTY = 
CF/P = 1 














' 










DATA BUFFER #3 






DATA BUFFER #4 




DATA BUFFER #5 







Figure 22. A Typical Linked Buffer Transmit Sequence 
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XXOO 



XXCO 
XXC1 

XXC2 
XXC3 



XXFE 
XXFF 



SYSTEM 



RXCHO 



RXCH1 



RX CH 31 



- 0: R8071 sees ATTN go high. 
1: R8071 reads during system access (XXOO) 
(reads active receive channel number). 



- (Addresses XXC1 and XXF2 through XXFF are not used in T1 modes.) 



- 2: R8071 reads Command or Data then sets ATACK, and begins 
processing that buffer. 
3: ATACK is reset by the R8071 after ATTN goes low. 



4: R8071 continues processing command or data buffers 
as controlled by the status of each. 



NEXT 
COMMAND 

MODES 
FILLMASK 




NEXT 

SIZE 

LENGTH 

MPTY = 1 




NEXT 

SIZE 

LENGTH 

MPTY = 1 






COMMAND BUFFER 




DATA BUFFER #1 




DATA BUFFER #2 



Figure 23. A Typical Linked Buffer Receiver Activity 
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SWITCHING CHARACTERISTICS 

R8070 INTERFACE~R8071 TRANSMIT FRAME SYNCHRONIZATION TIMING 



TCLK 



TMAX 
(FROM R8070) 



TSER 
(FROM R8071) 



TCLK 



TMAX 
(FROM R8070) 



TSER 
(FROM R8071) 



TCLK 



TMAX 
(FROM R8070) 



TSER 
(FROM R8071) 



^MSU 



/ ^ / \ / V 



Jf \ 



X 



BIT 8, CH 24 



7 "^^ ^ 

-T1 Mode, TSEREN = 1 



BIT 1, CH 1 



a. Transmit Serial Output--T1 Mode, TSEREN = 1 



■< ►-< ->- 



/ \ 



X 



BIT 8, CH 24 



)-^^M 



BIT 1, CH 1 



b. Transmit Serial Output— T1 Mode, TSEREN = 



/ \ / — u^ — V 



.r 



\ 



BIT 7, TS 31 



^ °"""" ) ( 



BIT 1, TS 



X 



BIT 2, 
TSO 



c. Transmit Serial Output— CEPT PCM 30 Mode, TSEREN = 1 or 



R8071 Transmit Frame Snchronization Waveforms 
R8071 Transmit Frame Synchronization Timing 



Symbol 


Parameter 


Min. 


Max. 


Units 


tMSU 
tMH 


TMAX Setup time 
TMAX Hold time 


60 
60 


— 


ns 
ns 
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SWITCHING CHARACTERISTICS (Cont'd.) 
R8070 INTERFACE 



RCLK 



RSYNC 
(FROM R8070) 



RSER 
(FROM 8070) 



RCLK 



RSYNC 



RSER 



I \ I ^_7 — V 



■< ► 



-< >- 



^ \ 



X 



FBIT 



X 



BIT 1, CH 1 



a. Receiver Serial input— T1 Mode 



"< ► 



I — \ I — \ I — V 



^RHU 

< ► 



i \ 



X 



BIT 1 TSO 



X 



BIT 2 TSO 



X 



b. Receiver Serial Input— CEPT PCM 30 Mode 



R8071 Receive Frame Synchronization Waveforms 
R8071 Rescue Frame Synchronization Timing 



Symbol 


Parameter 


Min. 


Max. 


Units 


tRSU 
tRHU 


RSYNC Setup time 
RSYNC Hold time 


50 
50 


— 


ns 
ns 
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SWITCHING CHARACTERISTICS (Cont'd.) 
SHARED MEMORY INTERFACE 



SYSCLK 



AS 



ADDRESS 



0.4^ 



2.4n ^ 
0.4 -c 



READ 



D0-D7 



0.4 \ 



j^^)^jr^^-r^—r'\- 



UsD 



r 



> 



/ 



- *RDH 



£ 



Read Cycle Waveforms 



Read Cycle Timing 




Parameter 


Symbol 


Min. 


IMax. 


Units 


Address Strobe Delay 


*ASD 


10 


75 


ns 


Address Delay 


Ud 


10 


90 


ns 


Address Float Delay 


Uf 


10 


90 


ns 


Read Enable Delay 


tRD 


10 


75 


ns 


Read Data Access Time 


tRDA 


— 


Notel 


ns 


Read Data Hold Time 


tpDH 





Note 2 


ns 


Notes: 

1 . Read Data Access time for shared memory = tscp - 125 ns. 

2. Data Drive to Data Bus Float = tgcpw - 65 ns 
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SWITCHING CHARACTERISTICS (Cont'd.) 
SHARED MEMORY INTERFACE (Cont'd.) 



SYSCLK 



AS 



ADDRESS 



WRITE 



0.4 ^t 



t|D— »- 



INTR 



D0-D7 



0.4V 



-*AD 



two — A 



0.4 J t. 



0.4 J c 



FHs-J* — \-J~\ / 



-nr 



■"*WD 



J ^0.4 



fT 



■ *DATD 



*ASD 



W 



< 



-Wth 



Write Cycle Waveforms 







Write Cycle Timing 








Symbol 


Min. 


Max. 


Units 


Address Strobe Delay 


tASD 


10 


75 


ns 


Address Delay 


tAD 


10 


90 


ns 


Address Float Delay 


tAF 


10 


90 


ns 


Write Delay 


two 


10 


75 


ns 


Write Pulse Width 


twP 


80 


— 


ns 


Interrupt Delay 


t|D 


10 


75 


ns 


Write Data Delay 


^DATD 


10 


90 


ns 


Write Data Hold Time' 


^ATH 


10 


90 


ns 


Note: 

1 Data Drive to Data Bus Float time 
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SWITCHING CHARACTERISTICS (Cont'd.) 
LIU INTERFACE 




R8071 Clock Waveforms 





R8071 Clock Timing 






Parameter 


Symbol 


Mill. 


Max. 


Units 


TCLK Delay 


tTCD 





50 


ns 


SYSCLK Pulse Width 


*SCPW 


110 


— 


ns 


TCLK Pulse Width 


^TCPW 


200 


— 


ns 


SYSCLK Period 


tscP 


240 


10,000 


ns 


Rise, Fall Time 


tpt, 


- 


5 


ns 
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SWITCHING CHARACTERISTICS (Cont'd.) 
LIU INTERFACE (Cont'd.) 




RSOn TCLK — RCLK Relationship Waveforms 



R8071 TCLK — RCLK Relationsliip Timing 



Parameter 


Symbol 


Min. 


Max. 


Units 


Rise, Fall Time 


tpt, 


— 


10 


ns 


RCLK Pulse Width 


*RCPW 


190 


— 


ns 


TCLK, RCLK Difference 


^TRCD 


— 


Notel 


ns 


Note: 

1. RCLK is to be centered around TCLK. The summation of RCLK and TCLK periodic differences over any duration of time must 
never exceed 14 TCLK periods. 
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SWITCHING CHARACTERISTICS (Cont'd.) 
CHANNEL ACTIVATION/DEACTIVATION 



SYSCLK 1 L 
ATTN 


J 


1 f-L 


rn. 


_r 


-^ 










1 r 


■L.J~L-r 


n- 


J— 1_ 




1 






- 











ATACK 


















tuTKlC 


u 






-* — Utnh 




•■ATNS 






"* Wnh 






*AI KH 







Channel Activation/Deactivation Waveforms 



Channel Activation/Deactivation Timing 



Parameter 


Symbol 


Min. 


Max. 


Units 


ATTN to ATACK Response Time 


Wns 


20 


48 


SYSCLKS 


ATTN Hold time 


Wnh 





— 


ns 


ATACK Reset Delay 


Wkr 


2 


4 


SYSCLKS 
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R8071 INPUT AC ELECTRICAL CHARACTERISTICS 


Signal Name 


Reference Signal 


Edgei 


Setup (MIn.) 


Hold (Min.) 


Units 


ATTN 


SYSCLK 


PE 


50 


50 


ns 


RESET 


TCLK 


NE 


60 


60 


ns 


D0-D7 


READ 


NE/PE 


50 





ns 


TMAX (SIS = 1) 


TCLK 


NE 


60 


60 


ns 


TMAX(SIS = 0) 


TCLK 


PE 


60 


60 


ns 


RSER(SIS = I) 


RCLK 


NE 


50 


50 


ns 


RSER(SIS = 0) 


RCLK 


PE 


50 


50 


ns 


RRED(SIS = I) 


RCLK 


NE 


50 


50 


ns 


RRED(SIS = 0) 


RCLK 


PE 


50 


50 


ns 


RSYNC(SIS = I) 


RCLK 


NE 


50 


50 


ns 


RSYNC(SIS = 0) 


RCLK 


PE 


50 


50 


ns 


Notes: 

1. PE = positive edge; NE = negative edge. 

2. All input AC Timing measurements are referenced to the 0.8 and 2.0 Vdc logic levels 



R8071 OUTPUT AC ELECTRICAL CHARACTERISTICS 



Signal Name 


Reference Signal 


Edgei 


IVIax. 
DELAY 


IVlin. 
HOLD 


Units 


DMND 


SYSCLK 


PE 


75 


10 


ns 


AS 


SYSCLK 


PE/NE 


75 


10 


ns 


A0-A15 


SYSCLK 


PE 


90 


10 


ns 


SYSACC 


SYSCLK 


PE 


75 


10 


ns 


READ 


SYSCLK 


PE 


75 


10 


ns 


WRITE 


SYSCLK 


PE/NE 


75 


10 


ns 


D0-D7 


SYSCLK 


NE 


90 


10 


ns 


INTR 


SYSCLK 


NE 


75 


10 


ns 


CH0-CH4 


SYSCLK 


PE 


140 


10 


ns 


RX/TX 


SYSCLK 


PE 


140 


10 


ns 


ATACK 


SYSCLK 


PE 


75 


10 


ns 


TSER 


TCLK 


NE 


75 


10 


ns 


Notes: 

1. PE = positive edge; NE = negative edge. 

2. All output AC Timing measurements are referenced to the 04 and 2 4 Vdc logic levels. 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to 7.0 


Vdc 


Operating Temperature 


Ta 


to + 70 


°C 


Storage Temperature 


TSTG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in the other sections of this document 
is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5 Vdc ±5%, Vss= Vdc, Ta = to +70°C, unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Condition 


Input Low Voltage 


V,L 


-0.3 


0.8 


V 




Input High Voltage 


V,H 


20 


Vcc + 0.3 


V 




Output Low Voltage 


Vol 


— 


0.4 


V 


'load = + 1 .6 mA 


Output High Voltage 
CMOS 


Vqh 


3.5 


_ 


V 


"load = +100^A 


Output Low Current 
CH0-CH4, RX/TX, TSER 
Others 


Iql 


+ 3.2 
+ 1.6 


- 


mA 


Vol = 0.4V 


Output High Current 
CH0-CH4, RX/TX, TSER 
Others 


Iqh 


-200 
-100 


- 


^A 


VoH = 3.5V 


Input Capacitance 


C|N 


— 


5 


PF 




Output Capacitance (Load) 
TSER 
All Others 


Cqut 


- 


100 
50 


PF 
pF 




Power Dissipation 


PWD 


— 


250 


mW 
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PACKAGE DIMENSIONS 



_nllnllnllnllnllnllnlln!lnllnllnllnllnl!nllnl!n 

84 3 



32 



U||U||0||U||UP||U||y||U|U|UNU|U|U||U|U| 



HKd 



1 

c 

T 



E2- 



t^ 






DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


41.10 41 61 


1.618 1.638 


B 


17.02 17.23 


0.670 0.690 


C 


3.56 4.58 


0.140 0.180 


D 


0.48 0.56 


018 0.022 


E1 


19.05 BSC 


0.750 BSC 


E2 


23 50 BSC 


0.925 BSC 


G 


1 27 BSC 


0.050 BSC 


J 


0.18 0.33 


0.007 0.013 


K1 


2 92 3.18 


0.115 0.125 


K2 


4.83 5.34 


0.190 210 



64-Pm Plastic Quad In-Line Package (QUIP) 

































DIM. 


MILLIMETERS 


INCHES 




n n n n n 


nllnllnllnllnllnl 


jjjjj 


MIN. MAX. 


MIN. MAX. 




nllnilnllnllnl 


A 


40 77 41 28 


1 605 1 625 




D 




33 

a 

32 


B 




B 


16 76 17 27 


0.660 0.680 


C 


3.56 4.58 


0.140 0.180 


D 


0.48 0.56 


0.018 0.022 


El 


19.05 BSC 


0.750 BSC 




l"llTi1 


rnrn 




n 


1 


E2 


23.50 BSC 


0.925 BSC 


+ D gH 


G 


1 27 BSC 


0.050 BSC 




J 


20 30 


0.008 012 






K1 


2 92 3.18 


0.115 0.125 


— 


■* E 

< E 


K2 


4.83 5 34 


0.190 210 






















^„ ■ ' ^- 


^ 


!' 1 


1 \ ^ 






r\ 1- 


H Rr t 








^. 


K1 "^^ 







64-Pin Cerpac Quad In-Line Package (QUIP) 
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PACKAGE DIMENSIONS 



INDEX 


.\ 




D - 

Dl 












\ 


r- 


02 


1 




' 


A 








O 


BO 3 

1 












: 












; 












: 












; 


c 






: 


D Dl D2 c 






3 


c 






: 














; 














I 














; 














] 














] 








i-K 


28 




1 
43,' 



TOP VIEW 

CHAM. J X 45 DEG. 





SEATING 
PLANE 



SIDE VIEW 



u 



■ D - 
Dl - 

■ D3- 



2Za 



xjl 



CHAM. 

h X 45 

3 PLCS 


DEG 


EJECTOR MARKS 
4 PLCS BOTTOM 
ONLY CTYP.) 




BOTTOM 


VIEW 





TYP. FOR EACH AXIS 
[EXCEPT FOR BEVELED EDGE) 

SECTION A-A 



^ 



DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX 


A 


4.14 4.39 


163 0.173 


A1 


1.37 1 47 


0.054 0.058 


A2 


2.31 2.46 


0.091 0.097 


b 


0.457 TYP 


0.018 TYP 


D 


25.02 25 27 


0.985 0.995 


D1 


24.00 24.26 


0.945 0.955 


D2 


20.19 20.45 


0.795 805 


D3 


23.24 23.50 


0.915 925 


e 


1 27 BSC 


0.050 BSC 


h 


254 TYP 


0.010 TYP 


J 


1.15 TYP 


0.045 TYP 


a 


45' TYP 


45* TYP 


R 


0.89 Pi'P 


0.035 TYP 


R1 


0.254 TYP 


0.010 TYP 



68-Pin Plastic Leaded Chip Carrier (PLCC) 
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PACKAGE DIMENSIONS 




DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


1.83 2.24 


0.072 0.088 


A1 


2.41 REF 


0.095 REF 


A2 


0.89 REF 


0.035 REF 


D 


24.64 25.65 


0.970 1.010 


D1 


23.88 24.51 


0.940 0.966 


D2 


23.11 24.13 


0.910 0.950 


D3 


20.20 20.45 


0.795 0.805 


e 


1.27 TYP 


0.050 TYP 


h 


1.02 REF 


0.010 TYP 


J 


0.51 REF 


0.020 REF 



68-Pin Ceramic Leaded Chip Carrier (CLCC) 
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PACKAGE DIMENSIONS 



NN 



N 



*-A3 







DIM. 


MILLIMETERS 


INCHES 


MIN. MAX. 


MIN. MAX. 


A 


1.70 2.11 


0.067 0.083 


A1 


4.45 4.70 


0.175 0.185 


A2 


1.19 1.35 


0.047 0.053 


A3 


0.20 REF 


0.008 REF 


b 


0.41 0.51 


0.016 0.020 


b1 


1.19 1.35 


0.047 0.053 


D 


27.58 28.19 


1.086 1.110 


D1 


25.15 25.65 


0.990 1.010 


e 


2.41 2.67 


0.095 0.105 


h 


0.51 REF 


0.020 REF 



O INDEX MARK 



-CHAM. H x 45 DEG. 4 PLCS 



68-Pin Grid Array (PGA) 
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INTRODUCTION 

The Rockwell R8075 CRC-4 Encoder/Decoder is a sup- 
port device to the R8070/R8070A T-1/CEPT PCM 
Transceiver and the R8069 Line Interface Unit. Used with 
the R8070 and the R8069, the R8075 implements transmit 
and receive functions in accordance with CCITT Recom- 
mendation G.704 for PCM30 using CRC-4. Operation of 
the R8075 is entirely transparent other than error detec- 
tion/reporting and handling of the Spare Bits. The R8075 
can be set in either enable or disable mode, for systems 
which handle both data encoded with CRC-4 and without 
CRC-4. 

Transmit functions compute the CRC-4 polynomial and in- 
sert the proper alignment timing and Spare Bits (SP1 , 
SP2) into the transmit data stream. HDB3 encoding is also 
handled by the R8075. 

Receive functions are independent error detection of 
CRC-4 and multiframe alignment, extraction of the spare 
bits, and HDB3 decoding (including reporting of bipolar 
violations). 

The Bit, Channel and Frame timing signals are available 
to the system for both the transmit and receive sections. 
The R8075 can support ISDN applications using the 
R8070 256N mode and PCM30 signalling modes using the 
256S mode. 



FEATURES 

CRC-4 transmit and receive as per CCITT 
Recommendation G.704 

Insertion and extraction of Spare Bits (SP1 and SP2) 

Independent error detection and reporting of CRC-4 
and multiframe alignment errors 

CRC-4 enable/disable capability 

Enhanced HDB3 encode/decode section, includes 
reporting of bipolar violations 

Read/Write access to International Bits in CRC-4 

disable mode (through R8070) 

Supports 256N and 256S modes 

Bit, Channel and Frame timing available to system 

Low power CMOS technology 

Operates from single +5V supply 

Package Options 

- 24-pin plastic DIP 

- 24-pin CERDIP 

- 28-pin PLCC 



ORDERING INFORMATION 



Part Number: 

R8075 



- Temperature 

Blank = O'C to TO'C 
E = -AO'C to +85"'C 

Package 

P = 24-pln DIP 

S = 24-pln CERDIP 

J = 28-pin PLCC 



Document No. 29300N343 



Data Sheet 
(Preliminary) 
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INTERFACE SIGNALS DESCRIPTION 

The R8075 interfaces to the R8070 T1/CEPT PCM 
Transceiver, the R8069 Line interface Unit, and to the sys- 
tem. The functional interface is shown in Figure 1 . Figure 



2 shows the signals grouped by interface. The R8075 in- 
terface signals are listed by pin number in Figure 3 and 
shown graphically in Figure 4. 






RX 
- R8070 

TX 


RPOS 
RNEG 




RCLK 
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R8069 
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R8075 
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^ RNEG 
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RSP1 ^^ 




RSYNC 


RSP2 ^^ 
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RMASYN 
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TMAX _ 
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O SYSTEM INPUTS OR OUTPUTS 



Figure 1. R8075 Functional interface 
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Figure 2. R8075 interface Signals 
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Table 1. R8075 Pin Assignments 





24-Pln 


28-Pln 








Symbol 


DIP 


PLCC 


Signal Name 


I/O 


Source/ Destination 


LOOP 


1 


1 


Loopback Mode 


1 


System 


TNEG 


2 


2 


Transmit Unipolar Negative 





R8069 


TPOS 


3 


3 


Transmit Unipolar Positive 





R8069 


N.C. 


- 


4 


No Connect 






TNRZ 


4 


5 


Transmit NRZ Data (IN) 


1 


R8070 


TNRZO 


5 


6 


Transmit NRZ Data (OUT) 





System 


BPV 


6 


7 


Bipolar Violation 





System 


VDD 


7 


8 


+5 VDC Power 


- 


Power Supply 


CRCERR 


8 


9 


CRC-4 Error 





System 


RSP2 


9 


10 


Receive Spare Bit 2 





System 


N.C. 


- 


11 


No Connect 






RSYNC 


10 


12 


Receive Sync 




R8070 


CRCEN 


11 


13 


CRC-4 Enable 




System 


RNRZ 


12 


14 


Receive NRZ Data 





R8070 


RCLK 


13 


15 


Recovered (Receive) Clock 




R8069 


RPOS 


14 


16 


Receive Unipolar Positive 




R8069 


RNEG 


15 


17 


Receive Unipolar Negative 




R8069 


N.C. 


- 


18 


No Connect 






MFAERR 


16 


19 


Multiframe Alignment Error 





System 


TSP1 


17 


20 


Transmit Spare Bit 1 




System 


TSP2 


18 


21 


Transmit Spare Bit 2 




System 


VSS 


19 


22 


Ground 


- 


Ground 


TCLK 


20 


23 


Transmit Clock 




R8069 


TMAX 


21 


24 


Transmit Maximum 




R8070 


N.C. 


- 


25 


No Connect 






RSP1 


22 


26 


Receive Spare Bit 2 





System 


RMASYN 


23 


27 


Receive MF Alignment Sync 





System 


TMASYN 


24 


28 


Transmit MF Alignment Sync 





System 











(0 o Q. w <5 t- 




LOOP C 


1 • 24 


3 TMASYN 


Z h- 1- _J H OC OC 


TNEG C 


2 23 


3 RMASYN 


^ n n n n n n n ^ 


TPOS C 


3 22 


H RSPI 




/ '^'^^-SJ^iS 




TNRZ C 


4 21 


3 TMAX 


TNRZ C 


5 # 25 


3 NC 


TNRZO C 


5 20 


3 TCLK 


TNRZO C 


6 PIN 1 24 


3 TMAX 


BPV C 


6 19 


H Vss 


BPV E 


7 INDICATOR 23 


3 TCLK 


Vdd C 


7 18 


3 TSP2 


Vdd C 


8 22 


H Vss 


CRCERR C 


8 17 


3 TSP1 


CRCERR C 


9 21 


3 TSP2 


RSP2 C 


9 16 


3 MFAERR 


RSP2 n 


10 20 


3 TSPI 


RSYNC C 


10 15 


3 RNEG 


NC C 


11 19 


3 MFAERR 


CRCEN C 


11 14 


3 RPOS 




CM CO ■* lO <D I». 00 




RNRZ C 


12 13 


3 RCLK 




U U u u u u u 










(A QC OC OC CC QC 


R8075P AND R8075S 


R8075J 



Figure 3. R8075 Pin Assignments 



6-146 



R8075 



CRC-4 Encoder/Decoder 



Table 2. R8075 Interface Signal Definitions 



DIP 
l\/lnemonic Pin No. 



PLCC 
Pin No. 



Name/Description 



INPUTS FROI^ R8069 (LINE INTERFACE UNIT) 



RCLK 



TCLK 



RPOS 
RNEG 



13 



20 



14 
15 



15 



23 



16 

17 



Recovered (Receive) Clock. From R8069 Output Pin 27. RCLK is the recovered clock output 
which is locl<ed to the frequency and phase of the incoming data. RPOS and RNEG are clock- 
ed out of the R8069 at the falling edge of RCLK in the elastic store bypass mode (CB high) . This 
signal is also input to the R8070 as the receiver clock input, pin 56 of the QUIP (pin 59 of the 
PLCC). 

Transmit Clock. From R8069 Output Pin 28. Transmitter clock output which is either the 
smoothed clock provided through EXCLK (External CLocK Reference, R8069 pin 3) or the 
smoothed clock extracted from the input data. The receive data is also clocked out on the falling 
edge of TCLK, except in elastic store bypass mode (CB high). This signal is also input to the 
R8070 as the transmitter clock input, pin 9 (QUIP) / pin 10 (PLCC). 

Receive Unipolar Positive, Negative. From R8069 Output Pins 1 6, 1 7. RPOS and RNEG are 
the outputs of the received data recovered from RXINP and RXINN AMI line pulses. RPOS and 
RNEG have TTL levels and are in NRZ format. These are directly connected to the R8075. RPOS 
and RNEG are clocked out of the R8069 at the falling edge of RCLK (elastic store bypass mode 
or TCLK in (elastic store enable mode) , and clocked into the R8075 at the rising edge of RCLK. 



INPUTS FROM R8070 (PCM30 TRANCEIVER) 

RSYNC 10 12 Receive Sync. From R8070 Output Pin 37 (QUIP)/Pin 39 (PLCC). While the receiver is 

synchronized, RSYNC is high during the first bit of each multiframe. 

TMAX 21 24 Transmit Maximum. From R8070 Output Pin 1 (QUIP)/Pin 1 1 (PLCC) . TMAX is high for one 

bit time per multiframe coincident with the sampling of the next to last serial bit of a multiframe. 

TNRZ 4 5 Transmit NRZ Data. From R8070 Output Pin 1 9 (QUIP)/Pin 20 (PLCC) . NRZ (Non-Return-to- 

Zero) output for transmitted data. This output is unaffected by LOOP or by HDB3 zero-suppres- 
sion coding. There is an 8-bit throughput delay between the TSER input and the TNRZ output. 



INPUTS FROM THE SYSTEM 



CRCEN 11 



LOOP 1 



TSP1 17 

TSP2 18 



1 3 CRC-4 Enable. Control input which enables the R8075 when CRCEN is high. When CRCEN is 
low, the R8075 is disabled, providing full transparent operation; in this mode, the user has con- 
trol of the international bits through the TIBITS. The R8075 receiver functions always operate; 
only the transmit functions are disabled when CRCEN is low. 

1 Loopback Mode. Control input placing the R8070 plus R8075 in loopback mode. In this mode, 

TPOS and TNEG are routed internally to RPOS, RNEG (respectively). This function is identical 
to the equivalent function of the R8070. It replaces the R8070 loopback function. CRCEN does 
not affect this function. 

20 Transmit Spare Bits 1, 2. Input to R8075 which allows insertion of the spare international bits. 

21 When the R8075 is enabled, the user may update the TSP1 , TSP2 inputs at the occurrence of 
TMASYN (R8075 output). These bits are reserved for future international applications, and for 
now, they should be fixed at 1 on digital paths crossing international borders. If CRCEN is low 
(R8075 disabled), the user may access the international bit through the I A pin (TIBIT) on the 
R8070, pin 5 (QUIP and PLCC). 



OUTPUTS TO R8069 (LINE INTERFACE UNIT) 

TPOS 3 3 Transmit Unipolar Positive, Unipolar Negative R8069 Input Pins 13,14. TPOS and TNEG 

TNEG 2 2 are the "unipolar paired" input for transmitted data. They must have TTL levels and be in NRZ 

format. These outputs from the R8075 replace those which would ordinarily come from the 

R8070. They are clocked in at the falling edge of TCLK. The state TPOS, TNEG = 1 is not valid, 

all other combinations are valid. The R8075 never generates the invalid combination. 
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Table 2. R8075 Interface Signal Definitions (Cont'd) 





DIP 


PLCC 




Mnemonic 


Pin No. 


Pin Nc 


Name/Description 


OUTPUTS TO R8070 (PCIW30 TRANSCEIVER) 


RNRZ 


12 


14 


Receive NRZ Data. R8070 Input Pins 54, 55 (QUIP) / pins 57, 58 (PLCC) This lead is connected 
to botii the RNEG and RPOS pins of the R8070. It must remain stable for 60 ns before and after 
the rising edge of RCLK. When connected in this manner, the HDB3 encoder and decoder along 
with the Bipolar Violation Detector in the R8070 are disabled. These functions are supplied by 
the R8075. 


OUTPUTS TO THE SYSTEM 




CRCERR 


8 


9 


CRC-4 Error. At the end of every SMF (sub-multiframe, 8 frames each), the current frame CRC 
result is clocked into a temporary holding register. During the following SMF, the incoming CRC 
bits on RSER are compared with the contents of the holding register. If a mismatch occurs, the 
CRC-4 error signal, CRCERR, is generated. This condition can result from a loss of frame align- 
ment or by an incidental data error. This signal is valid after the falling edge of the second RCLK 
in the SMF and remains valid for the entire SMF, resetting at the end of the SMF. 


MFAERR 


16 


19 


Multlframe Alignment Error. The Multiframe Alignment Error signal is generated when there is 
a miss in the CRC-4 alignment bits (sequence of ...001 01 1 ...). It indicates each instance of mul- 
tiframe alignment and is valid during each MF. It is reset when the CRC-4 alignment is regained. 
This signal can be used by the system to improve the frame alarm handling. 


TNRZO 


5 


6 


Transmit NRZ Data. Serial transmit NRZ data. Derived by the R8075 (from the TNRZ input to 
the R8075 from the R8070, it is regenerated, aligned with the timebase of the TPOS/TNEG out- 
puts of the R8075. 


RMASYN 


23 


27 


CRC-4 Receive Multiframe Alignment Sync. Derived signal generated by the R8075 indicat- 
ing the beginning of the received CRC-4 multiframe. It is a positive pulse of one RCLK in dura- 
tion. 


TMASYN 


24 


28 


CRC-4 Transmit Multiframe Alignment Sync. This signal indicates the beginning of the trans- 
mitted CRC-4 multiframe. It is a positive pulse of one TCLK period in duration. 


BPV 


6 


7 


Bipolar Violation. This signal indicates that a Bipolar Violation has occurred. It replaces the 
equivalent signal RVLL from the R8070, which indicates a Bipolar Violation. 


RSP1 


22 


26 


Receive Spare International Bits. The receive logic extracts these spare international bits and 


RSP2 


9 


10 


makes them available to the system at the beginning of each multiframe (RMASYN). 


POWER AND GROUND 




Vdd 


7 


8 


Power. + 5V DC power. 


Vss 


19 


22 


Ground. Power and signal ground. 


NC 




4,11 
18,25 


No Connect. These are pins on the PLCC which are not to be connected. 

> 
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FUNCTIONAL DESCRIPTION 

The R8075 is used with the R8070 Transceiver and the 
R8069 Line Interface Unit to provide CRC-4 capability for 
PCM30 systems. There are two basic sections to the 
R8075: the Transmit section and the Receive section. 

Signals connected to either the R8069 or R8070 are 
described In the pin definitions (Table 2). For more infor- 
mation, please refer to the functional and interface 
descriptions of the data sheets for the R8069 and R8070. 

TRANSMIT SECTION 

The transmit section computes the CRC-4 polynomial, in- 
serts alignment timing signals and spare bits into the trans- 
mit data stream, and encodes the bipolar transmit data 
using HDB3. 

The six R8075 transmit section inputs are from the system 
(TSP1 . TSP2, CRCEN), from the R8069 (TCLK), and from 
the R8070 (TNRZ). The four R8075 transmit section out- 
puts go to the system (TNRZO and TMASYN) and to the 
R8069 (TPOS and TNEG). 

The R8075 transmit section is divided into four blocks: 

1 . Transmit Logic 

2. CRC-4 Encoder 

3. HDB3 Encoder 

4. Transmit BIt/Frame/Multiframe Control 
(Transmit Timing Control) 

TRANSMIT LOGIC 

The Transmit Logic section provides the TNRZO (Trans- 
mit NRZ Data) output to the system. This signal has the 
CRC-4 bits and the Spare Bits inserted at the proper time, 
as appropriate. 

Data inputs to the Transmit Logic section are the NRZ 
(Non Return-to-Zero) output for transmitted data from the 
R8070 (TNRZ) and the Transmit Spare Bits from the sys- 
tem (TSP1, TSP2). When the CRC-4 encoder is enabled 
(CRCEN = HIGH) the CRC-4 Encoder section provides 
CRC-4 data to the Transmit Logic section for insertion into 
the transmitted bit stream. When CRCEN = LOW, CRC-4 
is not being implemented, and access to the international 
bit for each frame is provided through the R8070/70A. In 
this case, the R8075 passes the international bit 
transparently. 

Control and timing inputs to the Transmit Logic are 
provided by the Transmit Bit/ Frame/Multiframe Control 
(Transmit Timing Control) to determine the proper inser- 
tion points for the CRC-4 bits if CRCEN is HIGH. The 
Transmit Timing Control also properly times insertion of 
the Spare Bits. If CRCEN is LOW, there will be no inser- 
tion of CRC-4 bits into the transmitted bit stream, and the 
Spare Bits are accessed through the R8070 instead of 



through the R8075. In this condition, the CRC-4 is not im- 
plemented. 

The output of the Transmit Logic section to the system Is 
TNRZO, the Transmit NRZ Data which has been CRC-4 
encoded and has Spare Bits inserted at the proper time (if 
CRCEN is HIGH). This is a regenerated signal derived 
from the TNRZ signal from the R8070, which is unchanged 
If CRCEN is LOW. This signal, regardless of whether the 
R8075 is enabled or disabled Is used to replace the R8070 
TNRZ signal as an output to the system. TNRZO also is 
an input to the HDB3 Encoder, which generates the Trans- 
mit Bipolar Data, TPOS and TNEG. 

CRC-4 ENCODER 

This section calculates the CRC-4 polynomial and 
provides the CRC-4 bits for insertion into the transmitted 
bit stream. This insertion Is performed at the proper time 
by the Transmit Logic (see above). The CRC-4 Encoder 
may be disabled for transparent operation without CRC-4 
computation by CRCEN set LOW. 

The data inputs to the CRC-4 Encoder section is the TNRZ 
(Non Return-to-Zero) output for transmitted data from the 
R8070. The R8069 provides TCLK (Transmit Clock) to the 
CRC-4 Encoder section as a timing input. Control and 
timing inputs to the CRC-4 Encoder are also provided by 
the Transmit Bit/Frame/ Multiframe Control (Transmit 
Timing Control) to determine the proper insertion points for 
the CRC-4 bits If CRCEN is HIGH. This information is 
generated using TMAX (from R8070) to derive multiframe 
timing and CRCEN (from system) to decide whether to 
compute CRC-4. 

The output of the CRC-4 Encoder section goes through a 
holding register into the Transmit Logic for insertion of the 
CRC-4 bits (if CRCEN is HIGH) into the Transmit bit 
stream. 

HDB3 ENCODER 

This section takes the Transmit NRZ data provided by the 
Transmit Logic and provides HDB3 encoding. The result- 
ing output is the two unipolar signals TPOS and TNEG 
which go to the R8069 for transmission onto the PCM-30 
line. 

Data Input to the HDB3 Encoder is the TNRZO output of 
the Transmit Logic section of the R8075. This signal al- 
ready has CRC-4 and Spare Bits Inserted as appropriate. 
The TNRZO data is converted to a set of bipolar signals 
(TPOS, TNEG) using HDB3 encoding for bipolar PCM-30 
data. The TCLK input to the HDB3 Encoder comes direct- 
ly from the R8069. 

The output of the HDB3 Encoder section is the set of 
Unipolar Transmit signals, TPOS and TNEG. These sig- 
nals go directly to the R8069 for transmission onto the 
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Figure 4. R8075 Functional Blocic Diagram 
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PCM-30 line. These signals also are provided to the HDB3 
decoder section. 

Transmit Bit/Frame/Multiframe Control (Transmit 
Timing Control) 

Transmit timing is provided by this section to properly 
handle insertion of the CRC-4 bits and the Spare Bits into 
the outgoing transmit bit stream. This section provides 
timing and control to the CRC-4 Encoder and Transmit 
Logic sections. It also provides the Transmit Multiframe 
Alignment Sync signal to the system, so the system can 
align properly on multiframe boundaries. 

Inputs to this section are TCLK (from R8069), TMAX (from 
R8070) and CRCEN (from system). If CRCEN is high, the 
control is provided to the Transmit Logic to implant the 
CRC-4 and Spare Bits into the transmit bit stream. TCLK 
is used to derive the bit timing; TMAX is used to derive the 
frame and multiframe timing. 

The CRC-4 bits are inserted in the even frames, in the bit 
1 position of these frames. There are four CRC-4 bits in 
each 8-frame Sub-MultiFrame (SMF). In odd frames, bit 1 
of the first six frames of each 16-frame MultiFrame (MP) 
contains the CRC multiframe alignment signal (001011). 
Bit 1 of the last two odd frames of the multiframe (frame 
13, 15) contain the Spare Bits. Access to the International 
Bit (bit 1 of each frame) is provided through the R8070 
when the R8075 is in CRC-4 disable mode. 

Outputs from this section are the timing and controls 
described above, and the Transmit Multiframe Alignment 
Sync (TMASYN) signal. TMASYN is an output to the sys- 
tem which Indicates the beginning of the transmitted CRC- 
4 multiframe. It is a positive pulse of one TCLK period in 
duration. 

RECEIVE SECTION 

The receive section provides independent en'or detec- 
tion/reporting of the CRC-4 and Multiframe Alignment er- 
rors, extraction of the Spare Bits, and HDB3 decoding with 
reporting of bipolar violations. The R8075 receive section 
also provides RNRZ (Receive NRZ Data) to the R8070, 
connected to the R8070 RPOS, RNEG inputs. This con- 
nection will bypass the HDB3 encoder and decoder sec- 
tions of the R8070, along with the R8070 bipolar violations 
detector. These functions are supplied by the Transmit 
and Receive sections of the R8075. 

The four inputs to the R8075 receive section are: RPOS 
and RNEG (unipolar receive data) from the R8069, 
RSYNC (receive sync) from the R8070, and LOOP (Loop- 
back Mode) from the system. 



The seven outputs from the R8075 receive section are: 
RNRZ (receive NRZ data) to the R8070, and the R8075 
outputs to the system. These are: CRCERR (CRC-4 
Error), MFAERR (Multiframe Alignment Error), RMASYN 
(Receive Multiframe Alignment Sync), BPV (Bipolar Viola- 
tion), RSP1 and RSP2 (Receive Spare Bits). 

The receive section has the following functional blocks: 

1 . Internal RCLK Regenerator 

2. HDB3 Decoder 

3. CRC-4 Decoder 

4. Alignment and Error Control 

5. Receive Bit/Frame/Multiframe Control 
(Receive Timing Control) 

internal RCLK Generator 

This section takes the RLCK and TCLK from the R8069, 
along with the LOOP control from the system and 
produces the internal RCLK timing. This RCLK provides 
master bit timing for the other blocks of the receive section 
oftheR8075. 

HDB3 Decoder 

This section takes the RPOS and RNEG from the R8069 
and generates the RNRZ output to the R8070 and iden- 
tifies bipolar violations (BPV) for output to the system. 

Inputs to this section are the RPOS and RNEG (from 
R8069), TPOS and TNEG (from R8075 HDB3 encoder 
block), the LOOP control (from system), and the internal 
RCLK (from internal RCLK). Using the LOOP and 
TPOS/TNEG signals, if the loopback mode is enabled 
(LOOP = HIGH), the TPOS and TNEG signals generated 
in the R8075 HDB3 encoder are routed to the 
RPOS/RNEG inputs of the HDB3 decoder. This function is 
identical to and replaces the equivalent R8070 function. 

HDB3 Decoder (continued) 

Outputs from this section are RNRZ (to the R8070) and 
BPV (to system). The RNRZ is generated according to the 
HDB3 format, and sent to the R8070 RPOS/RNEG inputs, 
bypassing the R8070's HDB3 encode and decode func- 
tions. According to the HDB3 algorithm, bipolar violations 
are detected and reported through the BPV (system out- 
put). After HDB3 decoding of the receive data. It is also 
passed to the CRC-4 Decoder and the Alignment/Error 
Control blocks. Note that tying RPOS and RNEG together 
will bypass the HDB3 decode section. This function is 
identical in the R8070 and R8075, bypassing the respec- 
tive HDB3 decode logic in each device used in this man- 
ner. 
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CRC-4 Decoder 

The RNRZ output of the HDB3 decoder section, the inter- 
nal RCLK, and the RSYNC timing are inputs to the CRC- 
4 decoder. At the end of every SMF, the current frame 
CRC-4 result computed by the CRC-4 decoder block is 
clocked into a temporary holding register. During the fol- 
lowing SMF, the incoming CRC-4 bits on RSER are com- 
pared with the contents of the holding register. If a 
mismatch occurs, the CRC-4 error signal (CRCERR) is 
generated In the Alignment/Error control block. Timing is 
generated by the receive bit/frame/MF control block. 

Alignment/Error Control 

This block generates the receive multiframe alignment 
sync signal output to the system (RMASYN), outputs the 
Receive Spare Bits (RSP1, RSP2), and generates the 
error signals MFAERR (Multiframe Alignment Error) and 
CRCERR (CRC-4 error) output to the system. 

Handling of the en^ors is a system function to be done in 
accordance with CCITT Standard G70X and Recommen- 
dation 1.431. 

Inputs to the Alignment/Error Control block are the inter- 
nally generated RCLK, the RNRZ data from the HDB3 
decoder block, the contents of the CRC-4 holding register, 
and timing signals from the Receive Bit/Frame/MF control 
block. 



While the CRCERR and MFAERR are closely related, 
they are independently generated. CRCERR is generated 
upon a mismatch between the incoming CRC bits from 
RSER and the previous SMF's CRC result from the pre- 
vious SMF, found in the holding register. This can occur 
due to an incidental data error or by a loss of frame align- 
ment. This signal is valid for the entire SMF, resetting at 
the end of each SMF. MFAERR is generated when there 
is a miss in the CRC-4 alignment bits, indicating each in- 
stance of multiframe alignment error. It is valid during each 
MF, and is reset when the CRC-4 alignment is regained. 
This signal is useful to the system for implementing alarrti 
handling. 

Alignment/Error Control (continued) 

RMASYN Is derived from the RCLK. It is a positive pulse 
of one RCLK period in length, and indicates the beginning 
of the received CRC-4 multiframe. This section also ex- 
tracts the Spare Bits {RSP1 and RSP2), making them 
available to the system at the beginning of each multiframe 
(at RMASYN). 

Receive Bit/Frame/MF Control (Receive Timing 
Control) 

This section takes RSYNC from the R807Q, the internally 
generated RCLK, and a sync valid signal generated by the 
Alignment/Error control block to generate timing for the 
CRC-4 Decoder and the bit timing for the Alignment/Error 
control blocks. This block generates internal timing. It has 
no off-chip outputs. 
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Figure 8. Transmit CRC l\/lultiframe - R8070 Mode 256S 
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Figure 9. Receive CRC IVIuitiframe - R8070 l\^ode 256S 
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Figure 10. Transmit CRC IMultiframe - R8070 Mode 256N 
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Table 3. input and Output Timing 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Clock Pulse Width High, Low 
Input Setup Time 
Input Hold Time 
Output Delay Time 


tpWH. tpWL 

ts 

tH 
tOD 


244 

60 

60 


- 


60 


ns 
ns 
ns 
ns 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Units 


Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 


Vcc 

ViN 

Ta 

TsTG 


-0.3 to +7.0 
-0.3 to Vcc + 0.3 
Oto + 70 
-55 to +150 


Vdc 
Vdc 



*NOTE: Stresses above those listed under ABSOLUTE 
MAXIMUM RATINGS may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the other sections of this docu- 
ment is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = CC to 70°C, unless otherwise specified) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Test Condition 


Input Low Voltage 


ViL 


-0.3 


- 


+0.8 


V 




Input High Voltage 


VlH 


+2.0 


- 


VCC +0.3 


V 




Output Low Voltage 


Vol 


- 


- 


+0.4 


V 


Iload = 1 .6 mA 


Output High Voltage 
TTL 


VOH 


.2.4 






V 


Iload= -lOOfiA 


CMOS 


VOH 


+3.5 


- 


- 


V 


Iload = 


Output Low Current 


lOL 


-1.6 


- 


- 


mA 


VoL= 0.4V 


Output High Current 


iOH 


-100 


_ 


_ 


mA 


VoH = 2.4V 


Input Capacitance 


ClN 


_ 


- 


5 


PF 




Power Dissipation 


Pd 




- 


100 


mW 
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PACKAGE DIMENSIONS 



28-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



INDEX 
CORNER^ 
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D2 



C]-11 
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25-3 




SEATING PLANE 



TOP VIEW 



SIDE VIEW 



ELECTOR PIN MARKS 

4 PLCS BOTTOM OF 

PACKAGE ONLY 

(TYPICAL) 




CHAM. 
hx45«' 
3 PLCS 




DIM 


MILLIMETERS 


INCHES I 


MIN 


MAX 


MIN 


MAX 


A 


4 14 


4 39 


163 


173 


A1 


137 


147 


054 


058 


A2 


2 31 


2 46 


091 


097 


b 


457 TYP 


018 TYP 





12 37 


12 52 


487 


493 


D1 


1143 


1153 


450 


454 


D2 


7 54 


7 70 


297 


303 


D3 


10 67REF 


420 REF 


e 


1 27 BSC 


050 BSC 


h 


1 15 TYP 


045 TYP 


J 


25 TYP 


0.010 TYP 


a 


45»TYP 


45» TYP 


R 


89 TYP 


035 TYP 


R1 


25 TYP 


010 TYP 



SECTION A-A 
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 



-CHAM.JX45*' 
BOTTOM VIEW 
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PACKAGE DIMENSIONS (CONT'D) 



24-PIN CERDIP 
nnnnnnnnnnr 



uuuuuuuuuuuu 



. 1 250 ±0 025 . 
(32 00 ± 34) 




n r 



04 ±0 02 
(1 01 ±0.50) 



100 ±0 010 
(2 54 ±0 25) 



557 ±0 042 
(14.15 ±1 07) 



160 ±0 02 
(4 60 ±0 50) 



610 ±0 01 
(15 49 ±0 25) 



055 ±0 
(1 39 ±0 20) 

DIMENSIONS IN INCHES AND (MILLIMETERS) 



Lnftno 018 ± 



t 125 MIN 

(3 17) 



002 
(0 45 ±0 05) 



^ 



_0 660 ±0 04 
(16 76 ±1 01) 



010 ±0 002 
■ (0 25 ± 05) 



24-PIN PLASTIC DIP 

i-tr-if-inr-ir-ir-if-ir-ir-ir-if-ir-ir 



550 
530 



UUUIUUUUUULJUUUU, 
L 1 260 . 1 



050 
020 




r^ 



040 -^r-°°" 032REF q 



_ 700 _ 
600 



015 
008 
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INTRODUCTION 

The Rockwell RT9170 Intelligent T-1 Controller Is a 
microprocessor (MPU) controlled device which imple- 
ments T-1 Interface between the multiplexed digital signal 
of the subscriber loop and the PCM highway of digital 
voice and data system equipment. The RT9170 handles 
both the D4 and the ESF standard with Facility Data Link 
(FDL) used in T-1 and ISDN Primary Rate digital carrier 
systems. 

Users are provided a cost effective solution for T-1 /ISDN 
Primary Rate interface which integrates complex functions 
to minimize system development time, component count, 
cost, and board space. Combining dedicated control pins 
with host addressable on-chip registers, maximum func- 
tional control is achieved with minimal microprocessor in- 
ters/ention. Direct control over the R8069 Line Interface 
Unit is provided by the RT9170 Intelligent T-1 Controller. 

The RT91 70 functional interface is illustrated in Figure 1 . 



R8069 

LINE 

INTERFACE 

UNIT 



RT9170 
INTELLIGENT 

T-1 
CONTROLLER 



KJ^^ 



FDL(TX)' 



SYSTEM 
EQUIPMENT 



Figure 1. RT9170 Functional interface 



FEATURES 

• Intelligent single chip DS1 T-carrier transceiver 
(1.544 MHz) 

• Compatible with ANSI standards T1 CI .2 covering 
Facility Data Link operations: 

-Priority codeword handling 

-Near-end and far-end performance monitoring 

—Extracted link data handling 

• Intel-compatible Microprocessor bus interface: 

-8 bits address/data bus for programming control in- 
formation. 

• Separate serial interface for DS1 data 

• Microprocessor-controlled registers: 16 Control, 14 
Facility Data Link, 24 Per-channel Control, and 12 
Receiver Signalling registers 

• Maskable interrupts 

• Independent transmit and receive function 

• Off-line framer (External Transmit Sync) option 

• T-1 formats with and without signalling 

-T-1 (D4), 12frames/superframe 
-T-1 (ESF), 24 frames/superframe 

• Comprehensive zero suppression modes 

-B7 stuffing 

-B8ZS 

-Transparent 

• Meets CCITT G.733 (1 .544 MHz) and applicable sec- 
tions of G.703 

• Compatible with AT&T technical advisories on ESF 
and clear channel operation with B8ZS 

• Alarm generation and detection 

• Reframe time less than 1 ms 

• Remote and locally controlled payload loopback 

• Directly interfaces with the R8069 Line Interface Unit 
(LIU) and R8071 ISDN/DMI Link Layer Controller 

• Available in 40-pin plastic or ceramic dual in-line (DIP) 
and 44-pin plastic leaded chip carrier (PLCC) packages 

• Operates from a single +5 Vdc ± 5% power supply 

• CMOS/TTL compatible inputs and outputs 

• Low power CMOS technology 
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ORDERING INFORMATION 



Part Number: 

RT9170 



-Temperature 

Blank rrO'CtoyO'C 

- Package 

P = 40-Pin Plastic Dip 
J = 44-Plastic Leaded Chip 
Carrier (PLCC) 



GENERAL DESCRIPTION 

Microprocessor Interface 

The RT91 70 provides the intelligent functions of T-1 mode 
control, signalling control, error and alarm reporting, and 
handling of the Facility Data Link through internal registers 
accessible using the microprocessor interface. These 
registers are programmed via an 8-bit parallel 
Microprocessor Unit (MPU) control interface. The RT9170 
has 16 Control Registers; 14 Facility Data Link Registers; 
24 Per-Channel Control Registers, and 12 Receiver Sig- 
nalling Registers. The RT9170 also provides maskable In- 
terrupts for exception condition handling. The RT9170 
interface signals are shown in Figure 2. 



Facility Data Link 

Control over the ESF Facility Data Link (4 kbps channel) 
is managed by the RT91 70, which adheres to ANSI stand- 
ard T1 C1 .2. The RT91 70 supports Priority Code Word for- 
matting, user-supplied HDLC protocol, and performance 
monitoring and reporting. Near-end and Far-End Perfor- 
mance message reporting is handled in the FDL registers. 
The ESF data link may be used for user-supplied Ex- 
tracted Link Protocol transmission when it is not being 
used for Yellow Alarms, codeword messages, or perfor- 
mance messages. Two pins, EXDATA and TLCLK, are 
provided for this purpose. 

Per-Channel Control 

Users are provided control over Signal and Trunk Con- 
ditioning on a per-channel basis. There are 24 internal 
registers provided, one for each T-1 channel. Robbed-bit 
signalling (2, 4, or 16 code "ABCD" signalling), or no-sig- 
nalling, can be implemented on a per-channel basis. Trunk 
and Signal Conditioning substitutions may be made on a 
per-channel basis to Include IDLE (both user specific and 
standard IDLE), BUSY, VACANT, and Digital Milliwatt 
codes. 



LIU 
CONTROL 



LIU 



Receive 



Transmit 



Facility 
Transmit 




RCLK 
RPOS 
RNEG 



TP/TNRZ 4- 
TH/TMX 4- 
TCLK > 
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Figure 2. RT9170 Interface Signals 
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Transceiver and Off-Llne Framer Functions 

The RT9170 has fully independent transmit and receive 
sections. A robust framing algorithm which prevents 
synchronization on patterns which mimic the framing bits 
is implemented for ESP mode. An Off-Line Framer mode 
is provided. In this mode, the Receiver Sync signals are 
derived from the Off-Line Framer timing, which also 
provides bit, frame, and multiframe timing for receiving 
Trunk and Signal Conditioning. Transceiver functions also 
include zero suppression, alarm generation and detection, 
and loopback modes. 



General 

The RT91 70 supports the T1 C1 .2 technical subcommittee 
draft, CCITT Recommendation G.733, applicable sections 
of G.703, and AT&T technical advisories on clear-channel 
capability and Extended SuperFrame format (ESF). The 
following modes of T-1 PCM operation are supported: 
193S, 193E, 193N, 193F. 

The RT91 70 is a low power CMOS device which operates 
from a single +5 volt power supply and a sampling clock of 
1.544 MHz. Packaged in a 40-pin plastic DIP or a 44-pin 
PLCC, the RT9170 requires less real-estate and offers in- 
creased functionality than previous devices. The flexibility 
and power of the RT91 70 supports use in diverse areas of 
voice and data communications. 
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DESCRIPTION 

The Rockwell R6551 Asynchronous Communications Interface 
Adapter (ACIA) provides an easily implemented, program con- 
trolled interface between 8-bit microprocessor-based systems 
and serial communication data sets and modems. 

The ACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at Vie times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram control to be either the Transmitter rate, or at Vie times 
an external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, IV2, or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R655rs operating modes and data checking parameters 
and determine operational status. 

The Command Register controls parity, rec eiver echo mode, 
transmitter interrupt control, the state of th e RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines. Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 



ORDERING INFORMATION 



Part No.: R6551_ 



I- Temperature Range (TLto Th): 
Blank = 0°C to +70°C 
E = -40°C to +85°C 

- Frequency Range: 

1 = 1 MHz 
2=2 MHz 

- Frequency Range. 

No Letter = 1 MHz 
A = 2 MHz 



FEATURES 

• Compatible with 8-bit microprocessors 

• Full duplex operation with buffered receiver and transmitter 

• Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Program reset 

• Program-selectable serial echo mode 

• Two chip selects 

• 2 or 1 MHz operation 

• 5.0 Vdc ± 5% supply requirements 

• 28-pin plastic or ceramic DIP 

• Full TTL compatibility 

• Compatible with R6500, R6500/* and R65C00 micro- 
processors 
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Figure 1. R6551 ACIA Pin Configuration 
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Figure 2. ACIA Internal Organization 



FUNCTIONAL DESCRIPTION 

A block diagram of the ACIA is presented in Figure 2. A descrip- 
tion of each functional element of the device follows. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the inter- 
naj_data bus. The Data Bus Buffer is bi-directional. When the 
R/W line is low and the chip is selected, the Data Bus Buffer 
writes the data from thesystem data lines to the ACIA Internal 
data bus. When the R/W line is high and the chip is selected, 
the Data Bus Buffer drives the data from the internal data bus 
to the system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if ena bled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
for a data transfer on the internal data bus and the direction of the 
transfer to or from the register. 

The registers are selected by the Register Select (RS1, RSO) and 
Read/Write (R/W) lines as described later in Table 1. 



TIMING AND CONTROL 

The Timing and Control logic controls the timing of data transfers 
on the internal data bus, the registers, the Data Bus Buffer, the 
microprocessor data bus, and the hardware reset. 

Timing is controlled by the system 02 clock input. The chip will 
perform data transfers to or from the microcomputer data bus dur- 
ing the 02 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 



TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select (RSO)_and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 

The Receiver Data Register holds the first received data bit in 
bit (least significant bit first). Unused high-order bits are "0". 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 



6-166 



R6551 



Asynchronous Communications Interface Adapter (ACIA) 



STATUS REGISTER 

The Status Register indicates the state of interrupt conditions and 
other non-interrupt status information. The interrupt conditions are 
Data Set Ready and Data Carrier Detect transitions, Transmitter 
Data Register Empty and Receiver Data Register Full as reported 
in bits 6 through 3, respectively. If any of these bits are set, the 
Interrupt (IRQ) Indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through respectively). 



7 


6 


5 


4 


3 2 


1 





IRQ 


DSR 


DCD 


TORE 


RDRF OVRN 


FE 


PE 



Bit? 



1 


Interrupt (IRQ) 

No Interrupt 
Interrupt has occurred 


Bite 



1 


Data Set Ready (DSR) 

DSR low (ready) 
DSR high (not ready) 


Bits 



1 


Data Carrier Detect (DCD) 

DCD low (detected) 
DCO high (not detected) 


Bit 4 



1 


Transmitter Data Register Empty 

Not empty 
Empty 


Bits 


1 


Receiver Data Register Full 

Not full 
Full 


&it2 


Overrun* 



1 


No overrun 

Overrun has occurred 


Biti 



1 


Framing Error* 

No framing error 
Framing error detected 


BitO 


1 


Parity Error* 

No parity error 
Parity error detected 



*No interrupt occurs for these conditions 
Reset Initialization 



Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (Bit 2) 

None of these bits causes a processor Interrupt to occur, but they 
are normally checked at the time the Receiver Data Register is 
read so that the validity of the data can be verified. These bits are 
self clearing (i.e., they are automatically cleared after a read of the 
Receiver Data Register). 



Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the ACIA transfers data from the Receiver 
Shift Register to the Receiver Data Register, and goes to a (is 
cleared) when the processor reads the Receiver Data Register. 



Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the Trans- 
mitter Data Register to the Transmitter Shift Register, and goes 
to a (Is cleared) when the processor writes new data onto the 
Transmitter Data Register. 

NOTE: There is a delay of approximately /le of a bit time after 
TDR becomes empty/full before this flag is updated. 



Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A indicates a low level (true condition) and a 1 1ndicates 
a high level (false). Whenever either of these inputs change state, 
an Immediate processor interrupt (IRQ) occurs. When the inter- 
rupt occurs, the status bits indicate the levels of the inputs immedi- 
ately after the change of state occurred. Subsequent level changes 
will not affect the status bits until after the Status Register has been 
interrogated by the processor. At that time, another interrupt will 
Immediately occur and the status bits will reflect the new input 
levels. These bits are not automatically cleared (or reset) by an 
Internal operation. 



Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a (is cleared) when the Status Register is read. 
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Program reset 
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CONTROL REGISTER 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 
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For WL = 8 and parity 



Bits «-5 


Word Length (WL) 
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Reset Initialization 
7 6 5 4 3 2 1 



00000000 



Hardware reset (RES) 
Program reset 



Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits select the Transmitter baud rate, which can be at 
Vi6 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 
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Figure 3. Transmitter/Receiver Clock Circuits 



Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A causes 
the Receiver to operate at a baud rate of Vie an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 
bits). 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A always 
indicates one stop bit. A 1 indicates 1 Vz stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, or 2 stop bits in all other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and functions. 
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Bits 





Parity IVIode Control (PMC) 

Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 
Space parity bit transmitted 
Parity check disabled 

Parity Mode Enabled (PME) 

Parity mode disabled 
No parity bit generated 
Parity check disabled 
Parity mode enabled 

Receiver Echo Mode (REM) 

Receiver normal mode 

Receiver echo mode 

Bits 2 and 3 mus t also be zero for receiver 

echo mode, RTS will be low. 

Transmitter Interrupt Control (TIC) 

RTS = High, transmitter disabled* 
RTS = Low, transmit Interrupt enabled 
RTS = Low, tansmit interrupt disabled 
RTS = Low, transmit interrupt disabled, 
transmit break on TxD** 

Receiver Interrupt Request Disabled (IRD) 

IRQ enabled (receiver) 
IRQ disabled (receiver) 

Data Terminal Ready (D TR) 

Data terminal not re ady (D TR high)* 
Data terminal ready (DTR low) 



NOTES 

*The transmitter is disabled immediately. The receiver is 
disabled but will first complete receiving a byte in process of 
being received. 

** A break is transmitted only after the end of a character stream. 
If the Transmit Data Register contains a character, the break is 
not transmitted. 



Bit 4 
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Bits 3-2 

3 2 


1 
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1 1 


Biti 
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Data Terminal Ready (Bit 0) 

This bit enables all selecte d inte rrupts and controls the state of 
the Data Terminal Ready (DTR) line. A ind icate s the micro- 
computer system is not ready by setting the DTR line high. A 
1 ind icates th e mic rocomputer system is ready by setting the 
DTR line low. DTR also enables and disables the transmitter 
and receiver. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt when 
set to a 1 . The Receiver interrupt is enabled when this bit is set 
to a and Bit is set to a 1 . 



Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 



Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a disables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 



Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 



Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 

Reset Initialization 
7 6 5 4 3 2 10 








Hardware reset (RES) 
Program reset 
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INTERFACE SIGNALS 



Read/Write (R/W) 



Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. 



D&.D7 <^8C> 



R/W . 

cso • 

CS1 - 



^2- 
RES - 

VCC - 
VSS - 



DATA 

BUS 

BUFFERS 



TRANSMIT 
CONTROL 







TRANSMIT 
DATA& 
SHIFT 
REGISTERS 


INTERRUPT 
LOGIC 












STATUS 
REGISTER 






I/O 
CONTROL 








BAUD 
RATE 
GENERATOR 








CONTROL 
REGISTER 


TIMING 

& CONTROL 

LOGIC 










COMMAND 
REGISTER 







RECEIVE 
DATA& 
SHIFT 
REGISTERS 



RECEIVE 
CONTROL 



DTR 
RTS 



Figure 4. ACIA Interface Diagram 



MICROPROCESSOR INTERFACE 



The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows a 
write to the ACIA. 



Interrupt Request (IRQ) 

The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain output , per mitting several devices to be con- 
nected to t he co mmmon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 



Data Bus (D0<D7) 

The eight data line (D0-D7) pins transfer data between the proc- 
essor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the ACIA 
is selected. 



Chip Selects (CSO, CS1) 

The two chip select inputs are normally connected to the proces- 
sor address lines either directly or through decoders. The ACIA 
is selected when CSO is high and CS1 is low. When the ACIA 
is selected, the internal registers are addressed in accordance with 
the register select lines (RSO, RS1). 



Register Selects (RSO, RS1) 

The two register select lines are normally connected to the proc- 
essor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register select 
decoding. 



Reset (RES) 

During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register and 
the Control Register are cleared (all bits set to 0). The Status 
Register is cleared with the exception of the indications of Data 
Set Rea dy an d Dat a Carr ier Detect, which are externally controlled 
by the DSR and DCD lines, and the transmitter Empty bit, 
which is set. RES must be held low for one 02 clock cycle for a 
reset to occur. 



input Clock (02) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessc r and the ACIA. 

NOTE: The specified maximum cycle time for the signal on this 
input is 40 ^s. This specification must be observed to prevent loss 
of data. 



Table 1. ACIA Register Setection 



RS1 


RSO 


Register Operation 


R/W = Low 


R/W = High 
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Write Transmit Data 
Register 


Read Receiver 
Data Register 
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H 


Programmed Reset 
(Data IS "Don't 
Care") 


Read Status 
Register 


H 


L 


Write Command 
Register 


Read Command 
Register 


H 


H 


Write Control 
Register 


Read Control 
Register 



Only the Command and Control registers can be both read and 
written. The programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through in the Command 
register and bit 2 m the Status Register. The Control Register is 
unchanged by a programmed Reset. It should be noted that the 
progr ammed Reset is slightly different from the hardware Reset 
(RES); refer to the register description. 



6-170 



R6551 



Asynchronous Communications Interface Adapter (ACIA) 



ACIA/MODEM INTERFACE 

Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to a series mode 
external crystal (1.8432 MHz) to derive the various baud rates. 
Alternatively, an externally generated clock can drive the XTLI pin, 
In which case the XTLO pin must float. XTLI is the input pin for 
the transmit clock. 



Transmit Data (TxD) 

The TxD output line transfers serial nonreturn-to-zero (NRZ) data 
to the modem. The least significant bit (LSB) of the Transmit Data 
Register Is the first data bit transmitted and the rate of data trans- 
mission is determined by the baud rate selected or by an external 
clock. This selection is made by programming the Control Register. 



Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is determined by the 
programmed baud rate or by an externally generated receiver 
clock. The selection is made by programming the Control Register. 



Receive Clock (RxC) 

RxC is a bi-directional pin which is either the receiver 16x clock 
input or the receiver 16x clock output. The latter mode results if 
the internal baud rate generator is selected for receiver data 
clocking. 



Request to Send (RTS) 

The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 



Clear to Send (CIS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate i s with CTS low. The transmitter is automatically disabled 
if CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it IS disabled. The processor controls this pin via bit of the 
Command Register. 

Data Set Ready (DSR) 

The DSR input pin indicates to the ACIA the status of the 
modem. A low indicates the "ready" state and a high, "not- 
ready." 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 



TRANSMITTER AND RECEIVER 
OPERATION 

Continuous Data Transmit 

In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 

The processor must then identify that the Transmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous "MARK" will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 
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Figure 5. Continuous Data Transmit 
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Continuous Data Receive 

Similar to the Continuous Data Tr ansm it case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^/le point through 
the Stop Bit. The processor must read the Status Register and 



read the data word before the next interrupt, othenwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6. Continuous Data Receive 



Transmit Data Register Not Loaded by Processor 

if the processor is unable to load the Transmit Data Register in 
the allocated time, then the TxD line goes to the "MARK" con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 



When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 
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Figure 7. Transmit Data Register Not Loaded by Processor 
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CTS is the Clear-to-Send Signal generated by the modem. It is 
normally low (true state) but may go high in the event of some 
modem problems. When this occurs, the TxD line immediately 
goes to the "MARK" condition. Interrupts continue at the same 
rate, but the Status Register does not indicate that the Transmit 



Data Register is empty. Sinc e the re Is no status bit for CTS, the 
processor must deduce that CTS has gone to the FALSE (high) 
state. CTS is a transmit control line only, and has no effect on 
the R6551 Receiver Operation. Figure 8 shows the timing rela- 
tionship for this operation. 
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Figure 8. Effect of CTS on Transmitter 



Effect of Overrun on Receiver 

If the processor does not read the Receiver data Register in the 
allocated time, then, when the next interrupt occurs, the new data 
word is not transferred to the Receiver Data Register, but the 



Overrun status bit is set. Thus, the Data Register will contain the 
last valid data word received and ail following data Is lost. Figure 9 
shows the timing relationship for this mode. 
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Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by V2 of the bit time, as shown in Figure 10. 
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Figure 10. Echo IMode Timing 



Effect of GTS on Echo Mode Operation 

In Echo Mode, the Receiver operation is unaf fected by CIS, 
however, the Transmitter is affected when CTS goes high, i.e., 
the TxD line immediately goes to a continuous "MARK" con- 
dition. In this case, however, the Status Request indicates that 



the Receiver Data Register is full in response to an IRQ, so the 
processor has no way of knowing that the Transmitter has 
ceased to echo. See Figure 1 1 for the timing relationship of this 
mode. 
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Figure 1 1 . Effect of CTS on Echo (Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 



"MARK" condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 
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Figure 12. Overrun in Eciio IMode 



Framing Error 

Framing Error is caused by the absence of Stop Bit(s) on received 
data. A Framing Error is indicated by the setting of bit 1 in the 
Status Register at the same time the Receiver Data Register Full 
bit is^ set, also in the Status Register. In response to IRQ, 



generated by RDRF, the Status Register can also be checked for 
the Framing Error. Subsequent data words are tested for Framing 
Error separately, so the status bit will always reflect the last data 
word received. See Figure 13 for Framing Error timing relationship. 
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Figure 13. Framing Error 
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Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop trans mittin g data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 



Once Such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt Is serviced. When the Status Register is read by 
the p rocessor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRQ occurs (see Figure 
14). 
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Figure 14. Effect of DCD on Receiver 



Timing with V/2 Stop Bits 

It is possible to select IVa Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 



trailing half-Stop Bit. Figure 1 5 shows the timing relationship for 
this mode. 
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Figure 15. Timing with IV2 Stop Bits 
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Transmit Continuous "BREAK" 

This mode is selected via the ACIA Command Register and 
causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full "BREAK" character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 



Note 

If, while op eratin g in the Transmit Continuous "BREAK" 
mode, the CTS shoul d go to a high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" 
at the beginning of the next character transmitted after the 
CTS goes high. 
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INTERRUPT 
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TRANSMIT 
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Figure 16. Transmit Continuous "BREAK" 



Receive Continuous "BREAK" 

In the event the modem transmits continuous "BREAK" char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 



shows the timing relationship for continuous "BREAK" 
characters. 
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Figure 17. Receive Continuous "BREAK" 
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STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, tiiere 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 

1. Read Status Register 

This operatio n auto mati cally clears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) In the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both (modem 
"on-line") and they are unchanged then the remaining bits must 
be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 



PROGRAM RESET OPERATION 

A program reset occurs when the processor performs a write oper- 
ation to the ACIA with RSO low and RS1 high. The prog ram r eset 
operates somewhat different from the hardware reset (RES pin) 
and is described as follows: 

1. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 

2. The DTR line goes high immediately. 



3. R ecei ver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occu rs, it s ta ys low until serviced, 
unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupts are d isa bled i mmediately. If IRQ 
IS lo w and was caus ed by DCD or DSR, then it goes high, 
also DCD and DSR status bits subsequently will follow the 
input lines, although no interrupt will occur 

5. Overrun cleared, if set. 



MISCELLANEOUS 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit of Command Register (DTR) is (disabled), then: 

a) All in terr upts a re disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data word 
(including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into the 
Receiver Data Register, but generates parity error or no parity 
error for the Status Register. 

5. Transmitter and Receiver may be in full operation simulta- 
neously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high right after 
a Stop Bit, the ACIA does not interpret this as a Start Bit, but 
samples the line again halfway into the bit time to determine 
if it is a true Start Bit or a false one. For false Start Bit detec- 
tion, the ACIA does not begin to receive data, instead, only a 
true Start Bit initiates receiver operation. 

7. DCD andd DSR transitions, although causing immediate 
processor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces trans- 
mitter to turn off. Since these are high-impedance inputs, they 
must not be permitted to float (un-connected). If unused, they 
must be terminated to GND. 
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CRYSTAL/CLOCK CONSIDERATIONS 

CLOCK OSCILLATOR 

The on-chip oscillator is designed for a series resonant crystal con- 
nected between XTLI and XTLO pins (Figure 18). 

A series resonant crystal is specified by the series resistance (Rs) 
at its series resonant frequency. For proper oscillator operation, 
the selected series resonant crystal should have a series 
resistance less than 400 ohms. 



EXTERNAL CLOCK 

The XTLI input may be used as an external clock Input (Figure 19). 
For this implementation, a times 16 clock is input on XTLI and 
XTLO is left open. 
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Figure 18. Internal Clock Connection 

BAUD RATE GENERATION 

DIVISORS 



The internal counter/divider circuit generates appropriate 
divisors to produce standard baud rates when a 1 .8432 MHz crystal 
is connected between XTLI and XTLO. Control Register bits 0-3 
select the divisor for a particular bit rate as shown in Table 2. 



Figure 19. External Clock Connection 

GENERATING NON-STANDARD BAUD RATES 

By using a different crystal, non-standard baud rates may be 
generated. These can be determined by: 



Baud Rate 



Crystal Frequency 
Divisor 



Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 6) 
must be the clock input and XTALO (pin 7) must be a no-connect. 



Table 2. Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
Internal Counter 


Baud Rate Generated 

With 1.8432 MHz 

Crystal 


Baud Rate Generated 

With a Crystal 

of Frequency (F) 


3 2 10 





No Divisor Selected 


16 X External Clocl< at Pin RxC 


16 X External Clock at Pin RxC 


1 


36,864 


1 8432 X 106/36,864 = 50 


F / 36,864 


10 


24,576 


1 8432 X 106/24,576 = 75 


F / 24,576 


11 


16,769 


1 8432 X 106/16,769 = 109.92 


F/ 16,769 


10 


13,704 


1.8432 X 106/13,704 = 134 51 


F/ 13,704 


10 1 


12,288 


1.8432 X 106/12,288 = 150 


F/ 12,288 


110 


6,144 


1.8432 X 106/6,144 = 300 


F/ 6,144 


111 


3,072 


1 8432 X 106/3,072 = 600 


F / 3,072 


10 


1,536 


1.8432 X 106/1,536 = 1,200 


F/ 1,536 


10 1 


1,024 


1.8432 X 106/1,024 = 1,800 


F / 1 ,024 


10 10 


768 


1.8432 X 106/768 = 2,400 


F/768 


10 11 


512 


1.8432 X 106/512 = 3,600 


F/512 


110 


384 


1 8432 X 106/384 = 4,800 


F/384 


110 1 


256 


1.8432 X 106/256 = 7,200 


F/256 


1110 


192 


1.8432 X 106/192 = 9,600 


F/192 


1111 


96 


1 8432 X 106/96 = 19,200 


F/96 
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DIAGNOSTIC LOOP-BACK 
OPERATING MODES 



3. Connects tr ansm itte r outputs to re spec tive receiver inputs (i.e. 
TxD to RxD, DTR to DCD, RTS to CTS). 



A simplified block diagram for a system incorporating an ACIA is 
shown in Figure 20. 

It may be desirable to include in the system a facility for local loop- 
back testing. 

In loop-back testing from the point of view of the processor, the 
Modem and Data Link must be effectively disconnected and the 
ACIA transmitter connected back to its own receiver, so that the 
processor can perform diagnostic checks on the system, excluding 
the actual data channel. 

The ACIA does not contain automatic loop-back operating modes, 
but they may be implemented with the addition of a small amount 
of external circuitry. Figure 21 indicates the necessary logic to be 
used with the ACIA. The LLB line is the positive-true signal to 
enable local loop-back operation. Essentially, LLB = high does 
the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables outputs RxD, DCD, CfS, DSR (from Modem). 



LLB may be tied to a peripheral control pin (from an R6520 or 
R6522, for example) to provide processor control of local loop-back 
operation. In this way, the processor can easily perform local loop- 
back diagnostic testing. 



MICRO- 
PROCESSOR 



PROGRAM 
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SYSTEM 
RAM 
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CONTROL 
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— I — 
I/O 



TO DATA LINK 



Figure 20. Simplified System Diagram 
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Figure 21. Loop-Bacic Circuit Schematic 
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READ TIMING DIAGRAM 

Timing diagrams for transmit witii external clock, receive with 
external clock, and IRQ generation are shown in Figures 22, 23 
and 24, respectively. The corresponding timing characteristics are 
listed In the Table 3. 

Table 3. Transmit/Receive Characteristics 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


" — 1 

Max 


Transmit/Receive 
Clock Rate 


tcCY 


400* 


— 


400* 


— 


ns 


Transmit/Receive 
Clock High Time 


tcH 


175 


— 


175 


— 


ns 


Transmit/Receive 
Clock Low Time 


tCL 


175 


— 


175 


— 


ns 


XTLI to TxD 
Propagation Delay 


too 


— 


500 


— 


500 


ns 


RTS Propagation 
Delay 


*DLY 


~ 


500 


- 


500 


ns 


IRQ Propagation 
Delay (Clear) 


tiRQ 


— 


500 


— 


500 


ns 


DTR. RTS 
TxD 


Cl 




130 
30 


- 


130 
30 


PF 
PF 


Notes: 

(tR, tp = 10 to 30 ns) 

*The baud rate with eytamal rlnrlrinn ie- Raiirl Data 


1 
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Figure 22. Transmit Timing with External Clock 




Figure 23. 
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Figure 24. Interrupt and Output Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Vss = 0, Ta = Tl to T„, unless otherwise noted) 



Parameter 


Symbol 


1 MHz 


2 MHz 




Min 


Max 


Min 


Max 


Unit 


Cycle Time 


tcYC 


1.0 


40 


0.5 


40 


flS 


02 Pulse Width 


tc 


400 


— 


200 


— 


ns 


Address Set-Up Time 


UCW. UCR 


120 


— 


70 


— 


ns 


Address Hold Time 


^CAH' *CAR 





— 





— 


ns 


R/WSet-UpTime 


*WCW' ^WCR 


120 


— 


70 


— 


ns 


R/W Hold Time 


tcWH 





— 





~ 


ns 


Data Bus Set-Up Time 


tocw 


150 


— 


60 


— 


ns 


Data Bus Hold Time 


^HW 


20 


— 


20 


— 


ns 


Read Access Time (Valid Data) 


tCDR 


— 


200 


— 


150 


ns 


Read Hold Time 


tHR 


20 


— 


20 


— 


ns 


Bus Active Time (Invalid Data) 


tcDA 


40 


— 


40 


— 


ns 


Notes: 1. 1^ and tp = 10 to 30 ns. 

2. D0-D7 load capacitance = 130 pF. 

3. Timing measurements are referenced to/from a low of 0.8 volts and a high of 2.0 volts. 
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ABSOLUTE IMAXIIMUIM RATINGS 





Syniboi 


Value 


Unit 


Supply Vbltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc 


Vdc 


Operating Temperature 


Ta 


to +70 


°C 


Storage Temperature 


TSTG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±50/0 


Temperature Range 
Commercial 
Industnal 


Ta 


0° to 70OC 
-40<>Cto +85»C 



DC CHARACTERISTICS 

(Vcc = 5-OV ± 5%, Vss = 0, Ta = T,. to Th, unless otherwise noted) 





Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Nfoltage 
Except XTLI and XTLO 
XTLI and XTLO 


V,H 


2.0 
2.4 


- 


Vcc 
Vcc 


V 




input Low Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


V,L 


Vss 
Vss 


- 


0.8 
0.4 


V 




Input Leakage Current 
02. R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 


l|N 


— 


— 


2.5 


AtA 


V,N = 0Vto5V 
Vcc = OV 


Input Leakage Current for High Impedance (Three State OfO 
D0-D7 


Itsi 


— 


— 


±10.0 


/xA 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Vbltage 

D0-D7, TxD. RxC. RTS, DTR 


VoH 


2.4. 


— 


— 


V 


'load = -100 /xA 
Vcc = 4 75V 


Output Low Voltage 

D0-D7, TxD, RxC, RTS. DTR. IRQ 


Vol 


— 


— 


0.4 


V 


Vcc = 4.75V 
'load = 1.6 mA 


Output High Cun-ent (Sourcing) 
D0-D7, TxD. RxC, RTS, DTR 


loH 


-100 


— 


— 


AtA 


Vqh = 2.4V 


Output Low Cun-ent (Sinking) 

D0-D7. TxD, RxC. RTS. DTR, IRQ 


loL 


1.6 


— 


— 


mA 


Vol = 0.4V 


Output Leakage Current (off state) 
IRQ 


loFF 


— 


— 


10.0 


M 


Vqut = 5V 


Clock Capacitance 
(02) 


CcLK 


— 


— 


20 


PF 


Vcc = 5V 
V,N = OV 
f = 1 MHz 
Ta = 25°C 


Input Capacitance 
except 02, XTLI, XTLO 


C|N 


— 


— 


10 


PF 


Output Capacitance 


CoUT 


— 


— 


10 


pF 


Power Dissipation 


Pd 


— 


170 


300 


mW 


Ta = O^C 
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PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 



) 








t 

(.590) 








(S70) 

1 




28-PIN PLASTIC DIP 



_^ PIN NO 1 
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IPJVUVTUVVTFXnJTPJ 



(■SSO > 
(.530) 



(1440) 'I r\ >.620l J 

(.085) JLli^^'O'^REFt.no) 

(-0M) ^r^(015) 1-090) 



(015) 
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DESCRIPTION 

The Rockwell CMOS R65C51 Asynchronous Communications 
Interface Adapter (ACIA) provides an easily implemented, pro- 
gram controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 

The ACIA has an internal baud rate generator. This feature 
eliminates the need for multiple component support circuits, a 
crystal being the only other part required. The Transmitter baud 
rate can be selected under program control to be any one of 
15 different rates from 50 to 19,200 baud, or Vie times an exter- 
nal clock rate. The Receiver baud rate may be selected under 
program control to be either the Transmitter rate, or at Vie times 
an external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, IV2, or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementation. 
Three separate registers permit the MPU to easily select the 
R65C51 's operating modes and data checking parameters and 
determine operational status. 



FEATURES 

Low power CMOS N-well silicon gate technology 

Replacement for NMOS R6551 ACIA 

Full duplex operation with buffered receiver and transmitter 

Data set/modem control functions 

Internal baud rate generator with 15 programmable baud 

rates (50 to 19,200) 

Program-selectable internally or externally controlled receiver 

rate 

Programmable word lengths, number of stop bits, and parity 

bit generation and detection 

Programmable interrupt control 

Program reset 

Program-selectable serial echo mode 

Two chip selects 

1 or 2 MHz operation 

5.0 Vdc ±5% supply requirements 

Wide range of packages available 

— 28-pin ceramic or plastic DIP 

— 28-pin plastic leaded chip carrier (PLCC) 
Full TTL compatibility 

Compatible with R6500, R6500/* and R65C00 micro- 
processors 
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Figure 1 . R65C51 ACIA Pin Assignments 
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ORDERING INFORMATION 



Part Number: 
R65C51 



Frequency 

1 = 1 MHz 

2 = 2 MHz 



Package 



C = 28-Pin Ceramic DIP 
P = 28-Pin Plastic DIP 
J = 28-Pin Plastic Leaded 
Chip Carrier (PLCC) 



INTERFACE SIGNALS 

Figure 1 (front page) shows the R65C51 ACIA pin assignments 
and Figure 2 groups the signals by functional interface. 



MICROPROCESSOR INTERFACE 

Reset (RES) 

During system initialization, a low on the RES input causes a 
hardware Reset to occur. Upon Reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The Sta- 
tus Register is cleared with the exception of the indications of 
Data Set Ready and Data Carr ier Detect, which are externally 
controlled by the DSR and DCD lines, and the Transmitter Empty 
bit, which is set. RES must be held low for one 02 clock cycle 
for a reset to occur. 



Data Bus (D0-D7) 

The eight data line (D0-D7) pins transfer data between the 
processor and the ACIA. These lines are bi-directional and are 
normally high-impedance except during Read cycles when the 
ACIA is selected. 



Chip Selects (CSO, CS1) 

The two chip select inputs are normally connected to the proc- 
essor address lines either directly or thr ough decoders. The ACIA 
is selected when CSO is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in 
accordance with the register select lines (RSO, RSI). 



Register Selects (RSO, RS1) 

The two register select lines are normally connected to the proc- 
essor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register select 
decoding. 



Table 1. ACIA Register Selection 



RSI 


RSO 


Register Operation 


R/W = Low 


R/W = High 


L 


L 


Wnte Transmit Data 
Register 


Read Receiver 
Data Register 


L 


H 


Programmed Reset 
(Data IS "Don't 
Care") 


Read Status 
Register 


H 


L 


Write Command 
Register 


Read Command 
Register 


H 


H 


Write Control 
Register 


Read Control 
Register 



Input Clock (02) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 



Read/Write (R/W) 

The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 



The Command Register controls parity, re ceive r echo mode, 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines, Transmitter and Receiver Data Registers, and Over- 
run, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the ACIA Transmit and Receive 
circuits. 



Interrupt Request (IRQ) 

The IRQ pin is an interrupt output from the interrupt control logic 
It is an open drain outp ut, pe rmitting several devices to be con- 
nected to t he c ommon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 



Only the Command and Control registers can be both read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through in the Com- 
mand register and bit 2 in the Status Register. The control 
Register is unchanged by a programmed Reset. It should be 
noted that the programmed Reset is slightly different from the 
hardware Reset (RES); refer to the register description. 
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Figure 2. ACIA Interface Diagram 



ACIA/MODEM INTERFACE 

Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to a parallel mode 
external crystal (1 .8432 MHz) to derive the various baud rates. 
Note that capacitors are required from XTLI to ground and from 
XTLO to ground. Alternatively, an externally generated clock can 
drive the XTLI pin, in which case the XTLO pin must float. 

Transmit Data (TxD) 

The TxD output line transfers serial non-return-to-zero (NRZ) data 
to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or by an 
external transmitter clock. This selection is made by program- 
ming the Control Register. 

Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is determined by 
the programmed baud rate or by an externally generated receiver 
clock. The selection is made by programming the Control 
Register. 

Receive Clock (RxC) 

RxC IS a bi-directional pin which is either the external receiver 
clock input or a clock output of 16x the baud rate. The latter 



mode results if the internal baud rate generator is selected for 
receiver data clocking. 

Request to Send (RTS) 

The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 

Clear to Send (CTS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate is with CTS low. The transmitter is automatically disabled 
if CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
It IS disabled. The processor controls this pin via bit of the Com- 
mand Register. 

Data Set Ready (DSR) 

The DSR input pin indicates to the ACIA the status of the modem. 
A low indicates the "ready" state and a high, "not-ready." 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 




6-187 



R65C51 



Asynchronous Communications Interface Adapter (ACIA) 



FUNCTIONAL DESCRSPTION 

A block diagram of the R65C51 ACIA is presented in Figure 3. 
A description of each functional element of the device follows. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
interna[^data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is low and the chip is selected, the Data Bus Buffer 
writes the data from the_system data lines to the ACIA internal 
data bus. When the R/W line is high and the chip is selected, 
the Data Bus Buffer drives the data from the internal data bus 
to the system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through .6 in 
the Status Register, if ena bled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receive Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
for a data transfer on the internal data bus and the direction of 
the transfer to or from the register. 

The registers are selected by the Register Select (RS1, RSO) 
and Read/Write (R/W) lines as shown in Table 1 . 



TIMING AND CONTROL 

The Timing and Control logic controls the timing of data trans- 
fers on the internal data bus, the registers, the Data Bus Buffer, 
the microprocessor data bus, and the hardware reset. 

Timing is controlled by the system 02 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the 02 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 



TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the ACIA 
Transmit and Receive circuits. Both the Transmitter and 
Receiver are selected by a Register Select (RSO)_and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care" bits. 

The Receiver Data Register holds the first received data bit in 
bit (least significant bit first). Unused high-order bits are "0". 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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Figure 3. R65C51 ACIA Block Diagram 
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STATUS REGISTER 

The Status Register indicates the state of interrupt conditions 
and other non-interrupt status information. The interrupt condi- 
tions are Data Set Ready and Data Carrier Detect transitions, 
Transmitter Data Register Empty and Receiver Data Register Full 
as reported in bits 6 through 3, respectively. If any of these bits 
are set, the Interrupt (IRQ) indicator (bit 7) is also set. Overrun, 
Framing Error, and Parity Error are also reported (bits 2 through 
0, respectively). 



7 


6 


5 


4 


3 


2 


1 





IRQ 


DSR 


DCD 


TORE 


RDRF 


OVRN 


FE 


PE 



Bit? 


1 


Interrupt (IRQ) 

No interrupt 
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Data Carrier Detect (DCD) 

DCD low (detected) 
DCD high (not detected) 


Bit 4 
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Transmitter Data Register Empty 

Not empty 
Empty 


Bit 3 



1 


Receiver Data Register Full 

Not full 
Full 


Bit 2 



1 


Overrun* 

No overrun 

Overrun has occurred 


Biti 



1 


Framing Error* 

No framing error 
Framing error detected 


BitO 



1 


Parity Error* 

No parity error 
Parity error detected 



*No interrupt occurs for these conditions 
Reset Initialization 

7 6 5 4 3 2 10 

Hardware reset 
Program reset 



Parity Error (Bit 0), Framing Error (Bit 1), 
and Overrun (Bit 2) 

None of these bits causes a processor interrupt to occur, but they 
are normally checked at the time the Receiver Data Register is 
read so that the validity of the data can be verified. These bits 
are self clearing (i.e., they are automatically cleared after a read 
of the Receiver Data Register.) 



Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a (is cleared) when the processor reads the Receiver Data 
Register. 



Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the Trans- 
mitter Data Register to the Transmitter Shift Register, and goes 
to a (is cleared) when the processor writes new data onto the 
Transmitter Data Register. 

NOTE: There is a delay of approximately /i6 of a bit time after 
the TDR becomes empty/full before this flag is updated. 



Data Carrier Detect (Bit 5) and Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change state, 
an immediate processor interrupt (IRQ) occurs, unless bi t 1 of 
the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until after 
the Status Register has been interrogated by the processor. At 
that time, another interrupt will immediately occur and the sta- 
tus bits will reflect the new state. These bits are not automati- 
cally cleared (or reset) by an internal operation. 



Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and- 
goes to a (is cleared) when the Status Register is read. 
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CONTROL REGISTER 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 
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*XTLI is the input for the External Transmitter Clock (TxC) 



Reset initialization 

7 6 5 4 3 2 10 



Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits select the Transmitter baud rate, which can be at /le 
an external transmitter clock rate or one of 15 other rates con- 
trolled by the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmit- 
ter (bit 4 = 1), then RxC becomes an output (at 1 6x the baud rate) 
and can be used to slave other circuits to the ACIA. Figure 4 
shows the Transmitter and Receiver layout. 
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Figure 4. Transmitter/Receiver Cloclc Circuits 



Receiver Cloclc Source (Bit 4) 

This bit controls the clock source to the Receiver. A causes 
the Receiver to operate at a baud rate of %6 the external receiver 
clock on pin RxC. A 1 causes the Receiver to operate at the 
same baud rate as is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 bits). 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A always 
indicates one stop bit. A 1 indicates 1 /z stop bits if the word length 
is 5 with no parity selected, 1 stop bit if the word length is 8 with 
parity selected, and 2 stop bits in all other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and functions. 
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Parity Mode Control (PMC) 

Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 
Space parity bit transmitted 
Parity check disabled 

Parity Mode Enabled (PME) 

Parity mode disabled 
No parity bit generated 
Parity check disabled 
Parity mode enabled 

Receiver Eciio Mode (REM) 

Receiver normal mode 

Receiver echo mode 

Bits 2 and 3 must also be zero for receiver echo 

mode, RTS will be low. 

Transmitter Interrupt Control (TIC) 

RTS = High, transmitter disabled* 
RTS = Low, transmit interrupt enabled 
RTS = Low, transmit interrupt disabled 
RTS = Low, transmit interrupt disabled, 
transmit break on TxD** 

Receiver Interrupt Request Disabled (IRD) 

IRQ enabled (receiver) 
IRQ disabled (receiver) 

Data Terminal Ready (D TR) 

Data terminal not re ady (D TR high)* 
Data terminal ready (DTR low) 



Data Terminal Ready (Bit 0) 

This bit enables all selected in terrup ts and controls the state 
of the Data Terminal Ready (DTR) line. A indi cates the 
microcomputer system is not ready by setting the DTR line 
high. A 1 ind icates th e mic rocomputer system is ready by set- 
ting the DTR line low. DTR also enables and disables the trans- 
mitter and receiver. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver DCD and DSR from generat- 
ing an interrupt when set to a 1 . The Receiver DCD and DSR 
interrupts are enabled when this bit is set to a and Bit is 
set to a 1 . 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 

Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a disables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 

Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 

Reset Initialization 

7 6 5 4 3 2 10 

iHardware reset (RES) 
(Program reset 








NOTE 

*The transmitter is disabled immediately. The receiver 
is disabled but will first complete receiving a byte in 
process of being received. 

*A "BREAK" is transmitted only after the end of a 
character stream. If the Transmitter Data Register con- 
tains a character, the "BREAK" is not transmitted. 
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STATUS REGISTER OPERATION 

Because of the special functions of tiie various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 

1 . Read Status Register 

This operation auto mati cally c lears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both (modem 
"on-line") and they are unchanged, then the remaining bits 
must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

PROGRAM RESET OPERATION 

A program Reset occurs when the processor performs a write 
operation to the ACIA with RSO low and RS1 high. The program 



Reset operates somewhat differently from the hardware Reset 
(RES pin) and is described as follows: 

1 . Internal registers are not completely cleared. Check register 
formats for the effect of a program Reset on internal registers. 

2. The DTR line goes high immediately. 

3. R eceiv er and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occur s, it st ays low u ntil serviced, 
unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupt s are di sabled immediately. If IRQ is 
low a nd w as ca used by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur. 

5. Overrun cleared, if set. 



TRANSMITTER AND RECEIVER OPERATION 

Continuous Data Transmit 

In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word 
to be transmitted. This interrupt occurs at the beginning of the 
Start Bit. When the processor reads the Status Register of the 
ACIA, the interrupt is cleared. 

The processor must then identify that the Transmit Data Register 
is ready to be loaded and must then load it with the next data 
word. This must occur before the end of the Stop Bit, otherwise 
a continuous "MARK" will be transmitted. Figure 5 shows the 
continuous Data Transmit timing relationship. 
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Figure 5. Continuous Data Transmit 
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Continuous Data Receive 

Similar to the Continuous Data Tr ansm it case, tlie normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^Ia& point through 
the Stop Bit. The processor must read the Status Register and 



read the data word before the next interrupt, othen/vise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6. Continuous Data Receive 



Transmit Data Register Not Loaded by Processor 

If the processor is unable to load the Transmit Data Register in 
the allocated time, then the TxD line goes to the "MARK" con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 



When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 
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Figure 7. Transmit Data Register Not Loaded by Processor 



6-193 



R65C51 



Asynchronous Communications Interface Adapter (ACIA) 



Effect of GTS on Transmitter 

CTS istheClear-to-Send signal generated by the modem. It is nor- 
mally low (true state) but may go high in the event of some mod- 
em problems. When this occurs, the TxD line goes to the "MARK" 
condition after the entire last char acter (including parity and stop 
bit) has been transmitted, unless CTS goes high during the start 



bit. Then TxD goes immediately to a "MARK" condition. Bit 4 in 
the Status Register indicates that th e Tra nsmitter Data Register 
is not empty and IRQ is nof asserted. CTS is a transmit control line 
only, and has no effect on the ACIA Receiver Operation. Figure 8 
shows the timing relationship for this mode of operation. 
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Figure 8. Effect of CTS on Transmitter 



Effect of Overrun on Receiver 

If the processor does not read the Receiver Data Register in the 
allocated time, when the next interrupt occurs, the new data word 
is not transferred to the Receiver Data Register, but the Overrun 



status bit IS set. Thus, the Data Register will contain the last valid 
data word received and all following data is lost. Figure 9 shows 
the timing relationship for this mode. 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by Vi of the bit time, as shown in Figure 10. 
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Figure 10. Eclio l\/lode Timing 



Effect of GTS on Echo IVIode Operation 

In Echo Mode, the Receiver operation is unaf fected by CIS, 
however, the Transmitter is affected when CTS goes high, i.e., 
the TxD line immediately goes to a continuous "MARK" con- 
dition. In this case, however, the Status Request indicates that 



the Receiver Data Register is full in response to an IRQ, so the 
processor has no way of knowing that the Transmitter has 
ceased to echo. See Figure 1 1 for the timing relationship of this 
mode. 
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Figure 1 1 . Effect of CTS on Echo Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 



"MARK" condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 
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Figure 12. Overrun in Echo Mode 



Framing Error 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 1 
in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also be 



checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 
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Figure 13. Framing Error 
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Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop trans mittin g data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 



Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Statu s Register until the 
first interrupt is serviced. When the DCD input is high, the 
receiver is disabled (see Figure 14). 
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Figure 14. Effect of DCD on Receiver 



Timing with IV2 Stop Bits 

It is possible to select IV2 Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 



trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 
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Figure 15. Timing witii IVa Stop Bits 
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Transmit Continuous "BREAK" 

This mode is selected via the ACIA Command Register and 
causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full "BREAK" character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 



NOTE 

If, while op eratin g in the Transmit Continuous "BREAK" 
mode, the CTS shoul d go to a high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" 
at the beginning of the next character transmitted after the 
CTS goes high. 
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Figure 16. Transmit Continuous "BREAK" 



Receive Continuous "BREAK" 

In the event the modem transmits continuous "BREAK" char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 



shows the timing relationship for continuous "BREAK" 
characters. 



CONTINUOUS "BREAK" 



id: 



Start ^0 ^1 ^N •* Stop 

_J J_J 111 L(pl L 



PROCESSOR 

INTERRUPT 

FOR 

RECEIVER 

DATA REGISTER 

FULL 



V 



Z' 



] Bn T| 



>top Start 



"TT 
II 



PROCESSOR INTERRUPT WITH 
FRAMING ERROR SET EVEN 
PARITY CHECK WILL ALSO GIVE 
A PARITY ERROR BECAUSE ALL 
ZEROS (CONTINUOUS BREAK) 
REPRESENT EVEN PARITY. 



NO — * 

MORE 

INTERRUPTS 



^ NO INTERRUPT 
SINCE RECEIVER 
DISABLED UNTIL 
FIRST STOP BIT 



Ljr 



NORMAL 
RECEIVER 
INTERRUPT 



Figure 17. Receive Continuous "BREAK" 
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CRYSTAL/CLOCK CONSIDERATIONS 

CLOCK OSCILLATOR 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 18. 



C ± 5% XTLI 
^iJ«2[=]XTAL 



=^ C ± 5% XTLO 




R65C51 



2pF ^ 



Figure 18. Internal Clock 



A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 

(0 + 2) = 2Cl or C = 2Cl - 2 



Rg ^ Rsr 



2x10^ 



(FCl)2 
where: F is in MHz; C and Cl are in pF; R is in ohms. 



To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer's catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 



For example, if Cl 
crystal, then 



13 pF for a 1.8432 MHz parallel resonant 



C = (2x13) - 2 = 18pF 
The series resistance of the crystal must be less than 

2x106 



(1.8432x13)2 



EXTERNAL CLOCK MODES 



= 3.3K ohms 



The XTLI input may be used as an external clock input (Fig- 
ure 19). For this implementation, a times 16 clock is input on 
XTLI and XTLO is left open. 
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Figure 19. External Clock 
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GENERATION OF NON-STANDARD BAUD RATES 



Divisors 

The internal counter/divider circuit generates appropriate divi- 
sors to produce standard baud rates when a 1 .8432 JVIHz crys- 
tal is connected between XTLI and XTLO. Control Register bits 
0-3 select the divisor for a particular baud rate as shown in 
Table 2. 



Generating Non-Standard Baud Rates 

By using a different crystal, non-standard baud rates may be 
generated. These can be determined by: 

Baud Rate = Crystal Frequency 
Divisor 

Furthermore, it is possible to drive the ACiA with an off-chip oscil- 
lator to achieve other baud rates. In this case, XTALI (pin 6) must 
be the clock input and XTALO (pin 7) must be a no-connect. 



Table 2. Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
Internal Counter 


Baud Rate Generated 

With 1.8432 IWIHz 

Crystal 


Baud Rate Generated 

With a Crystal 

of Frequency (F) 


3 2 1 











16 


External Transmitter Clock Rate -=- 16 


External Transmitter Clock Rate -r 16 







36,864 


1.8432 X 106 

=50 

36,864 


F 


36,864 


1 





24,576 


1.8432 X 106 

=75 

24,576 


F 


24,576 


1 




16,769 


1.8432 X 106 

= 109.92 

16,769 


F 


16,769 


1 





13,704 


1.8432 X 106 


F 


13,704 


13,704 


1 




12,288 


1.8432 X 106 


F 


— lou 

12,288 


12,288 


1 1 





6,144 


1.8432 X 106 

=300 

6,144 


F 


6,144 


1 1 




3,072 


1.8432 X 106 

=600 

3,072 


F 


3,072 


1 





1,536 


1.8432 X 106 

=1,200 

1,536 


F 


1,536 


1 




1,024 


1.8432 X 106 

= 1,800 

1,024 


F 


1,024 


1 1 





768 


1.8432 X 106 


F 


■- — • ■ ■ — 2,400 

768 


._ 

768 


10 11 


512 


1.8432 X 106 

=3,600 

512 


F 


512 


1 1 





384 


1.8432 X 106 


F 


384 


384 


1 1 


1 


256 


1.8432 X 106 


F 


256 


256 


1 1 1 





192 


1.8432 X 106 

=9,600 

192 


F 


192 


1 1 1 


1 


96 


1.8432 X 106 

— =19,200 

96 


F 


96 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 



It may be desirable to include in the system a facility for local 
loop-back testing. 



In local loop-back testing, the Modem and Data Link must be 
effectively disconnected and the ACIA transmitter connected 
back to its own receiver, so that the processor can perform di- 
agnostic checks on the system, excluding the actual data 
channel. 



The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a small 
amount of external circuitry. Figure 20 indicates the necessary 
logic to be used with the ACIA. The LLB line is the positive-true 
signal to enable local loop-back operation. Essentially, LLB = 
high does the following: 

1 . Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 



LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 
loop-back operation. In this way, the processor can easily per- 
form local loop-back diagnostic testing. 

MISCELLANEOUS 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit of Command Register (DTR) is (disabled), then: 

a) All interrupts are disabled, including those caused by DCD 
and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 



3. Connects transmit ter ou tp uts to respe cti ve re ceived inputs 
(i.e., TxD to RxD, DTR to DCD, RTS to CTS). 



5. Transmitter and Receiver may be in full operation simultane- 
ously. This is "full-duplex" mode. 
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Figure 20. Loop-Back Circuit Schematic 
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6. If the RxD line inadvertently goes low and then high right after 
a Stop Bit, the ACIA does not interpret this as a Start Bit, 
but samples the line again halfway into the bit time to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 

7. DCD and DSR transitions, although causing immediate 
processor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces the 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be tied to GND. 

8. If TORE is checked by polling (rather than by interrupt), a 
period of at least y^ Baud clock should be allowed after load- 
ing Tx Data Buffer to ensure that TDRE is valid. 

READ TIMING DIAGRAM 

Timing diagrams f or tra nsmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 21 , 22 
and 23, respectively. The corresponding timing characteristics 
are listed in Table 3. 



Table 3. 


rransmit/Receive Characteristics 




Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Transmit/Receive 
Clock Rate 


tcCY 


400* 


— 


400* 


— 


ns 


Transmit/Receive 
Clock High Time 


tcH 


175 


— 


175 


— 


ns 


Transmit/Receive 
Clock Low Time 


tcL 


175 


— 


175 


— 


ns 


XTLI to TxD 
Propagation Delay 


too 


-- 


500 


— 


500 


ns 


RTS, DTR 
Propagation Delay 


toLY 


— 


500 


— 


500 


ns 


IRQ Propagation 
Delay (Clear) 


tiRQ 


— 


500 


— 


500 


ns 


Notes: 

(tR, tF= 10 to 30 ns) 


1 






.iviiiy 1 




ndie - 


16 X tcCY 



XTLI 

(TRANSMIT 
CLOCK INPUT) 










— tcH — A 




/ 


too- 


\ ' 






tcL— I 




t 


NOTE: TxO RATE IS 1/16 TxC RATE 



Figure 21. Transmit Timing with External Clock 




Figure 22. Receive External Clock Timing 
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Figure 23. Interrupt and Output Timing 
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SWITCHING CHARACTERISTICS 

(Vcc = 5.0 Vdc ± 5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 



Parameter 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


02 Cycle Time 


tcYC 


1000 


— 


500 


— 


ns 


02 Pulse Width 


tc 


400 


— 


200 


— 


ns 


Address Set-Up Time 


UgW' *acr 


120 


_ 


60 


— 


ns 


Address Hold Time 


tCAH. tcAR 





_ 





_ 


ns 


R/W Set-Up Time 


twcw. twCR 


120 


_ 


60 


— 


ns 


R/W Hold Time 


tcWH 





— 





— 


ns 


Data Bus Set-Up Time 


tocw 


150 


_ 


60 


_ 


ns 


Data Bus Hold Time 


^HW 


20 


— 


10 


— 


ns 


Read Access Time (Valid Data) 


tcDR 


— 


200 




170 


ns 


Read Hold Time 


tHR 


20 


_ 


10 


_ 


ns 


Bus Active Time (Invalid Data) 


tcDA 


40 


— 


20 


_ 


ns 


Notes: 

1. tR and tp = 10 to 30 ns. 

2. Timing measurements are referenced to/from a low of 0.8 volts and a high of 2.0 volts. 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0-3 


Vdc 


Operating Temperature 
Commercial 


Ta 


Oto +70 


°C 


Storage Temperature 


TSTG 


-55 to +150 


°C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5Vdc ±5% 


Temperature Range 
Commercial 


Ta 


Tl to Th 
0° to 70°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
Except XTLI 
XTLI 


V,H 


2.0 
2.8 


- 


Vcc 
Vcc 


V 




Input Low Voltage 
Except XTLI 
XTLI 


V,L 


-0.3 
-0.3 


- 


+ 0.8 
+ 0.4 


V 




Input Leakage Current: 
02, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 


l|N 


— 


±1 


±2.5 


^A 


V,N = OV to Vcc 
Vcc = 5.25V 


Input Leakage Current (Three State Off) 
D0-D7 


Itsi 


— 


±2 


±10 


mA 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage: 
D0-D7, TxD, RxC, RTS, DTR 


VOH 


2.4 


— 


— 


V 


Vcc = 4.75V 
Iload= -100/tA 


Output Low Voltage: 
D0-D7, TxD, RxC, RTS, DTR, TRQ 


Vol 


— 


— 


0.4 


V 


Vcc = 4.75V 
Iload = 1.6 mA 


Output High Current (Sourcing): 
D0-D7, TxD, RxC, RTS, DTR 


Iqh 


-100 


-400 


— 


/tA 


VoH = 2.4V 


Output Low Current (Sinking): 

D0-D7, TxD, RxC, RTS, DTR, IRQ 


ioL 


1.6 


— 


_- 


mA 


Vol = 0.4V 


Output Leakage Current (off state): IRQ 


"off 


- 


- 


10 


vA 


VouT = 5.0V 


Power Dissipation 


Pd 


- 


7 


10 


mW/MHz 




Input Capacitance 
02 
All except 02 


CcLK 
C|N 


- 


- 


20 
10 


PF 
PF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta = 25°C 


Output Capacitance 


Cqut 


_ 


- 


10 


pF 


Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and TA = 25°C. 
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PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 



L B 

Jll 



^' 



"HtL, 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


35 05 


36 07 


1380 


1420 


B 


15 11 


15 88 


595 


625 


C 


2 54 


4 19 


100 


165 


D 


38 


53 


015 


021 


F 


76 


127 


030 


050 


G 


2 54 BSC 


100 BSC 


H 


76 


1 78 


030 


070 


J 


20 


33 


008 


013 


K 


2 54 


4 19 


100 


165 


L 


14 60 


15 37 


575 


605 


M 


0» 


10» 


0« 


10° 


N 


51 


152 


020 


060 



28-PIN PLASTIC DIP 



r\r\r\r\r\r\r\r\r\r\r\r\r\(^ 




28 15 


t 




1 
B 


1 14 




VVVVVk/VVUVVVVt? 




— ft — 






C 



« A ^ h» L •• 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36 32 


37 34 


1430 


1 470 


8 


13 46 


13 97 


530 


550 


C 


3 56 


5 08 


140 


200 





38 


53 


015 


021 


F 


1 02 


1 52 


040 


060 


G 


2 54 BSC 


100 BSC 


H 


165 


2 16 


065 


085 


J 


20 


30 


008 


012 


K 


3 30 


4 32 


130 


170 


L 


15 24 BSC 


600 BSC 


M 


7" 


10° 


7° 


10° 


N 


51 


102 


020 


040 



28-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 




q-11 18 

uuuuuuu ' 
TOP VIEW 




SEATING PLANE 



SIDE VIEW 



EJECTOR PIN MARKS 

4 PLCS BOTTOM OF 

PACKAGE ONLY 

(TYPICAL) 




CHAM. 
hx45° 
3 PLCS 



'^^[ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


4 14 


4 39 


163 


173 


A1 


1 37 
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R65C52 

Dual Asynchronous Communications 

Interface Adapter (DACIA) 



DESCRIPTION 

The Rockwell CMOS R65C52 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled two-channel interface between 8-bit 
microprocessor-based systems and serial communication data 
sets and modems. 

The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. 

Transmitter and Receiver bit rates may be controlled by an inter- 
nal baud rate generator or external times 16 clocks. The baud rate 
generator accepts either a crystal or a clock input, and provides 
15 programmable baud rates. When a 3.6864 MHz crystal is used, 
the baud rates range from 50 bps to 38,400 bps. 

The DACIA may be programmed to transmit and receive frames 
having word lengths of 5, 6, 7 or 8 bits; even, odd, space, mark 
or no parity; and 1 or 2 stop bits. 

A Compare Register, and the ability to detect address frames, facili- 
tate address recognition in a multidrop mode. 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Two independent full duplex channels with buffered receivers 
and transmitters. 

• Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud rates 
(50 bps to 38,400 bps) 

• Program-selectable internally or externally controlled receiver 
and transmitter bit rates 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Edge detect for DCD, DSR, and CfS 

• Program-selectable echo mode for each channel 

• Compare Register 

• Address/Data frame recognition 

• 5.0 Vdc ± 5% supply requirements 

• 40-pin plastic or ceramic DIP or 44-pin PLCC 

• Full TTL or CMOS input/output compatibility 

• Compatible with R6500 and R65C00 microprocessors and 
R6500/* microcomputers 

ORDERING INFORMATION 



Part Number: 
R65C52 



Temperature Range (Tl to Th): 
Blank* 0<»Cto+70*>C 
E « -40'»Cto +850C 

Frequency Range: 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

Package 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
J ss 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 



Document No. 68650N09 



Product Description 
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R65C52 



Dual Asynchronous Communications interface Adapter (DACIA) 



INTERFACE SIGNALS 

The DACIA is available in a 40-pin DIP or a 44-pin PLCC. Figure 1 
shows the pin assignments for each package. The DACIA inter- 
face signals are shown In Figure 2. Table 1 contains a description 
of each signal. 



RES 


C 


1 


40 


I] Vcc 


NC 


c 


2 


39 


n cs 


XTALI 


c 


3 


38 


11 R/W 


XTALO 


c 




37 


3 RS2 


CLK OUT 


c 




36 


D RSI 


NC 


c 




35 


D RSO 


bSR2 


c 




34 


H NC 


DCD2 


c 




33 


3 DSR1 


CTS2 


c 




32 


D DCDI 


RTS2 


c 




31 


1 CTSI 


IRQ2 


c 




30 


3 RTS1 


RxD2 


i: 




29 


D IRQ1 


DTR2 


c 




28 


D RxDI 


TxD2 


i: 




27 


H DTR1 


TxC 


c 




26 


D TxDI 


D7 


c 




25 


D RxC 


D6 C 




24 


D DO 


D5 C 




23 


3 D1 


D4 C 




22 


H D2 


Vss 


^ 


20 


21 


D D3 



RxC C 


7 


TxDI E 


8 


DTRT C 


9 


RxDI C 


10 


moT c 


11 


RTST C 


12 


CTSI C 


13 


DCDI C 


14 


DSR1 C 


15 


NC C 


16 


RSO C 


17 



nnnnnnnnnnn 



uuuuuuuuuuu 



39 H TxC 
38 H TxD2 
37 3 DTR2 
36 3 Rx02 
35 3 iRQ2 
34 3 RTS2 
33 3 CfS2 
32 D DCD2 
31 3 DSR2 
30 D NC 
29 H CLK OUT 



NC 



40-PIN DIP 
: NO CONNECTION. NO SIGNAL SHOULD BE CONNECTED TO THIS PIN. 



44-PIN PLCC 



Figure 1. R65C52 Pin Assignments 
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Figure 2. R65C52 DACIA Interface Signals 
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Table 1. DACIA Interface Signal Definitions 



Signal 


Pin No. 


I/O 


Name/Description 


DIP 


PLCC 


Host interface | 


RES 


1 


24 


' 


Reset. Active low input controlling the reset function. This signal must be driven low for a mininr^um of 
4 /ts for a valid reset to occur. It is driven high during normal operation. 


R/W 


38 


20 


1 


Read/Write. Input controlling the direction of data transfer. It is driven low during write cycles, and is 
driven high at all other times. 


CS 


39 


21 


1 


Chip Select. Active low input enabling data transfers between the host CPU and the DACIA. The 
DACIA latches register selects and the R/W input on the falling edge of CS. It latches input data on 
the rising edge of CS. 


RS0-RS3 


35-37 


17-19 


1 


Register Select. Three inputs controlling access to the DACIA internal registers. Table 3 lists the 
coding for each register. 


D0-D3 
D4-D7 


24-21 
19-16 


6-3 
44-41 


I/O 


Data Bus. Eight bidirectional lines usedto transfer data between the host and the DACIA. These lines 
output data during READ cycles when CS is low. At all other times, they are in the high impedance 
state. 


IRQ1 
IRQ2 


29 
11 


11 
35 





Interrupt Request. Two active low, open-drain outputs from the interrupt control logic. These outputs 
are normally high. An IRQ line goes low when one of the flags of the associated ISR is set If the 
corresponding enable bit is set in the lER. 


Clock Interface 


XTALI 
XTALO 


3 
4 


26 
27 


1 




Crystal Input/Output. One input and one output through which the reference signal for the internal 
clock oscillator is supplied. A parallel resonant crystal may be connected across the pins or a clock 
may be input at XTALI. When a clock is used, XTALO must be left open. 


CLK OUT 


5 


29 





Clock Out. A buffered output from the internal clock oscillator which is in phase with XTALI. This 
output may be used to drive the XTALI input of another DACIA. Therefore, several DACIA chips may 
be driven with one crystal. 


RxC 


25 


7 


1 


Receiver Clock. Input for external 16x receiver clock. 


TxC 


15 


39 


1 


Transmitter Clock. Input for external 16x transmitter clock. 


Serial Channel Interface | 


DTR1 
DTR2 


27 
13 


9 
37 





Data Terminal Ready. Two general purpose outputs which are set high upon reset. The output 
level is programmed by setting the appropriate bit in the associated Format Register (FR) high or 
low. The state of each DTR line is reflected by the DTR LVL bit in the associated Control Status Register 
(CSR). 


DSR1 
DSR2 


33 

7 


15 
31 


1 


Data Set Ready. Two general purpose inputs. An active transition sets the DSRT bit in the Interrupt 
Status Register (ISR). The DSR LVL bit in the associated CSR reflects the current state of a DSR line 


RTST 
RTS2 


30 
10 


12 
34 





Request To Send. Two general purpose outputs which are set high upon reset. The output level is 
programmed by setting the appropriate bit in the associated FR high or low. The state of an RTS line is 
reflected by the RTS LVL bit in the associated CSR. 


CTST 
CTS2 


31 
9 


13 
33 


1 


Clear To Send. The CfS control line inputs allow handshaking by the transmitters. When CfS is low, 
the data is transmitted continuously. When CTS is high, the Transmit Data Register Empty bit (TDRE) 
in the associated ISR is not set. The word presently in the Transmit Shift Register is sent normally. 
Any active transition on a CTS line sets the CTST bit in the appropriate ISR. The CTS LVL bit In the 
associated CSR reflects the current state of CTS. 


TxD1 
TxD2 


26 
14 


8 
38 





Transmit Data. The TxD outputs transfer serial non-return to zero (NRZ) data to the data communications 
equipment (DCE). The data is transferred, LSB first, at a rate determined by the baud rate generator 
or external clock. 


DCD1 
DCD2 


32 
8 


14 
32 


1 


Data Carrier Detect. Two general purpose inputs. An active transition sets the DCDT bit in the 
appropriate ISR. The DCD LVL bit in the associated CSR reflects the current state of a DCD line 


RxD1 
RxD2 


28 

12 


10 
36 


1 


Receive Data. The RxD inputs transfer serial NRZ data into the DACIA from the DCE, LSB first. The 
receiver baud rate is determined by the baud rate generator or external clock. 


Power 


vcc 


40 


22 


1 


DC Power Input. 5.0V ±5%. 


vss 


20 


1 


1 


Power and Signal Reference. 
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FUNCTIONAL DESCRIPTION 

Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 



RESET LOGIC 

The Reset Logic sets various inter nal re gisters, status bits and con- 
trol lines to a known state. The RES input must be driven low 
for a minimum of 4 fis for a valid reset to occur. At this time, the 
lERs are set to $80, the RDRs and AC Rs a re cle ared, and the com- 
pare mode is disa bled. Also, the DTR and RTS outputs are 
driven high and the CTS, DCD and DSR transition detect flags 
are cleared. No other bits are affected. 



DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the data 
lines and the internal data bus. The state of the Data Bus Buffer 
is controlled by the I/O Control Logic and the Interrupt Logic. 
Table 2 summarizes the Data Bus Buffer states. 



is transferred from the internal data bus to the data lines. When 
CS is high, the DACIA is deselected and the data lines are 
tri-stated. 

INTERRUPT LOGIC 

The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go 
low when conditions are met that require the attention of the MRU. 
There are two registers (the Interrupt Enable Register and the Inter- 
rupt Status Register) involved in the control of interrupts in the 
DACIA. An IRQ will be asserted on the transition of one of the flags 
in an ISR fr omO to 1 if the corresponding bit in the associated lER 
is set. The IRQ line is negated when the ISR is read or when the 
interrupting condition is cleared. CAUTION: When the interrupt 
is generated by TDRE, 1/16 of a bit time must elapse before IRQ 
can be cleared by reading the ISR. 

CLOCK OSCILLATOR LOGIC 

The internal clock oscillator supplies the time base for the baud 
rate generator The oscillator can be driven by a crystal or an exter- 
nal clock. 

The baud rate generator may be disabled by connecting XTALI 
to ground and leaving XTALO open. When this is done, a trans- 
mitter times 16 clock must be input at TxC, a receiver times 16 clock 
must be input at RxC and the Control Registers must be 
programmed to select TxC and RxC clocks. 



I/O CONTROL LOGIC 

The I/O Control Logic controls data transfers between the Inter- 
nal Registers and the Data Bus Buffer. Internal Register selection 
is determjned by the Register Select inputs as shown in Table 3. 
When R/W is high and CS is low, data from the selected register 



Table 2. Data Bus Buffer Summary 


Control Signals 
R/W CS 


Data Bus Buffer State 


L L 
H L 
X H 


Write Mode — Tri-State 
Read Mode — Output Data 
Deselected — Tri State 
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Figure 3. DACIA Block Diagram 
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Table 3. DACIA Register Selection 





Reaister Select 


Register Accessed 


Lines 


Write 


Read 


HEX 


RS2 RS1 RSO 


Symbol 


Name 


Symbol 


Name 





L L L 


IER1 


Interrupt Enable 
Register 1 


ISR1 


Interrupt Status 
Register 1 


1 


L L H 


CR1 


Control 
Register 1i 


CSR1 


Control Status 
Register 1 


FR1 


Format 
Register 12 


2 


L H L 


CDR1 


Compare Data 
Register 13 




Not Used 


ACR1 


Auxiliary Control 
Register 1^ 


3 


L H H 


TDR1 


Transmit Data 
Register 1 


RDR1 


Receive Data 
Register 1 


4 


H L L 


IER2 


Interrupt Enable 
Register 2 


ISR2 


Interrupt Status 
Register 2 


5 


H L H 


CR2 


Control 
Register 2^ 


CSR2 


Control Status 
Register 2 


FR2 


Format 
Register 22 


6 


H H L 


CDR2 


Compare Data 
Register 23 




Not Used 


ACR2 


Auxiliary Control 
Register 2^ 


7 


H H H 


TDR2 


Transmit Data 
Register 2 


RDR2 


Receive Data 
Register 2 


Notes: 

1 . D7 must be set low to write to the Control Registers. 

2. D7 must be set high to write to the Format Registers. 

3 Control Register bit 6 must be set to to access the Compare Register. 

4. Control Register bit 6 must be set to 1 to access the Auxiliary Control Register 
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SERIAL DATA CHANNELS 

Two independent serial data channels are available for the full 
duplex (simultaneous transmit and receive) transfer of asyn- 
chronous frames. Separate internal registers are provided for each 
channel for the selection of frame parameters (number of bits per 
character, parity options, etc.), status flags, interrupt control and 
handshake. The asynchronous frame format is shown in Figure 4. 

Transmit data from the host system is loaded into the Transmit Data 
Register. From there, it is transferred to the Transmit Shift Register 
where it is shifted, LSB first, onto the TxD line. All transmissions 
begin with a start bit and end with the user selected number of 
stop bits. A parity bit is transmitted before the stop bit(s) if parity 
Is enabled. 

Receive data is shifted into the Receive Shift Register from the 
associated RxD line. Start and stop bits are stripped from the frame 
and the data is transferred to the Receive Data Register. Parity bits 
may be discarded or stored in the ISR. 

Five I/O lines are provided for each channel for handshake with 
the data commun icat ions e quipment (DCE). Four of these signals 
(RTS, DTR, DS R and DCD) are general purpose inputs or out puts. 
The fifth signal, CTS, enables/disables the transmitter. When CTS 



is high and the Transmit Shift Register is empt y, the transmitter 
(except for Echo Mode) is inhibited. When CTS is low, the 
transmitter is enabled. 



"I 



-e^ — 



i i I I J 

I MSB I PARITY STOP I 

I I (OPT) , (1 OR 2 BITS) 



Figure 4. Asynchronous Frame Format 

INTERNAL REGISTERS 

The DACIA contains ten control registers and four status registers 
in addition to the transmit and receive registers. The Control 
Registers provide for control of frame parameters, baud rate, inter- 
rupt generation, handshake lines, transmission and reception. The 
status registers provide status information on transmit and receive 
registers, error conditions and interrupt sources. Table 4 summa- 
rizes the bit definitions of these registers. A detailed description 
follows. 



Table 4. Register Formats 



Register 
Select 
(Hex) Register 



R/W 



Bit 
4 3 



ISR1 
ISR2 



IER1 
IER2 



CSR1 
CSR2 



CR1 
CR2 



FR1 
FR2 



ANY 
BIT SET 


TORE 


CTST 


DCDT 


DSRT 


PAR 


F/O/B 


RDRF 




CLR/SET 
BITS 


TORE 
IE 


CTST 
IE 


DCDT 
IE 


DSRT 
IE 


PAR 
IE 


F/O/B 
IE 


RDRF 
IE 



FE 


TUR 


CTS 
LVL 


DCD 
LVL 


DSR 
LVL 


BRK 


DTR 
LVL 


RTS 
LVL 



w 



w 






CDR/ 
ACR 


STOP 
BITS 


ECHO 


1 1 1 
BIT RATE SEL 

1 1 1 



Reset 

Value 

76543210 



1 - 00000 - 



0000000 







1 


1 
DATA BITS 

1 


PAR SEL 

1 


PAR 
EN 


DTR 
CNTL 


RTS 
CNTL 



CDR1 W 

CDR2 (CR6 = 0) 

ACR1 W 

ACR2 (CR6 = 1) 

RDR1 R 

RDR2 

TDR1 W 

TDR2 



1 1 1 1 1 1 1 
COMPARE DATA 

1 1 1 1 1 i 1 




1 1 1 1 1 
UNUSED 

1 1 1 1 1 


TRNS 
BRK 


PAR 
ERR/ST 




1 1 1 1 1 1 1 
RECEIVE DATA REGISTER 

1 1 1 1 1 1 ! 




1 1 1 1 1 1 1 

TRANSMIT DATA REGISTER 

1 1 1 1 1 1 1 



--00 



00000000 



6-212 



R65C52 



Dual Asynchronous Communications Interface Adapter (DACIA) 



INTERRUPT STATUS REGISTERS (ISR1, ISR2) 

The Interrupt Status Registers are read-only registers indicating 
the status of each interrupt source. Bits 6 through are set when 
the i ndic ated IRQ condition has occurred. Bit 7 is set to a 1 when 
any IRQ source bit is set, or if Echo Mode is disabled, when CIS 
is high. 



7 


6 


5 


4 


3 


2 


1 





ANY 
BIT 
SET 


TORE 


CreT 


DCDT 


DSRT 


PAR 


F/O/B 


RDRF 



Address = 0,4 Reset Value = 1 - 00000 - 

Bit 7 Any Bit Set 

1 Any bit (6 through 0) has been set to a 1 or CTS 

is high with echo disabled 

No bits have been set to a 1 or echo is enabled 

Bit 6 Transmit Data Register Empty (TO RE) 

1 Transmit Data Register is empty and C TS is low 

Transmit Data Register is full or CTS is high 

Bit 5 Transition On CTS Line (CTST) 

1 A po sitive or negative transition has occurred on 
CTS 

No transition has occurred on CTS, or ISR has 
been Read 

Bit 4 Transition On DCD Line (DCDT) 

1 A pos itive or negative transition has occurred on 
DCD 

No transition has occurred on DCD, or ISR has 
been Read 

Bit 3 Transition On DSR Line (DSRT) 

1 A pos itive or negative transition has occurred on 
DSR 

No transition has occurred on DSR, or ISR has 
been Read 

Bit 2 Parity Status (PAR) 

ACR bit = 

1 A parity error has occurred in received data 

No parity error has occurred, or the Receive Data 
Register (RDR) has been Read 

ACR bit = 1 

1 Parity bit = 1 

Parity bit = 

Bit 1 Frame Error, Overrun, Break 

1 A framing error, receive overrun, or receive break 
has occurred or has been detected 

No error, overrun, break has occurred or RDR 
has been Read 

Bit Receive Data Register Full (RDRF) 

1 Receive Data Register is full 

Receive Data Register is empty 



INTERRUPT ENABLE REGISTERS (IER1, IER2) 

The Interrupt Ena ble R egisters are write-only registers that 
enable/disable the IRQ sources. IRQ sources are enabled by 
writing to an lER with bit 7 set to a 1 and the bit for every IRQ source 
to be enabled set to a 1. IRQ sources are disabled by writing to 
an lER with bit 7 reset to a and the bit for every source to be dis- 
abled set to a 1 . Any source bit reset to is unaffected and remains 
in its original state. Thus, writing $7F to an lER disables all of that 
channel's interrupts and writing an $FF to an lER enables all of 
that channel's interrupts. 



7 


6 


5 


4 


3 


2 


1 





SET 


TORE 


CTBT 


DCDT 


DSRT 


PAR 


F/O/B 


RDRF 


BITS 


IE 


IE 


IE 


IE 


IE 


IE 


IE 


Address = 0,4 


Reset Value = - 


0000000 


Bit? 


Enable/Disable 




1 


Enable selected IRQ source 







Disable selected IRQ source 




Bits 0-6 






1 


Select for enable/disable 









No change 











CONTROL STATUS REGISTERS (CSR1, CSR2) 

The Control Status Registers are read-only registers that provide 
I/O statu s and error condition information. A CSR is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 



7 


6 


5 


4 


3 


2 


1 





FE 


TUR 


CTS 
LVL 


DCD 

LVL 


DSR 
LVL 


BRK 


DTR 
LVL 


RTS 
LVL 



Address = 1,5 Reset Value = 1 011 

Bit 7 Framing Error (FE) 

1 A framing error occurred in receive data 

No framing error occurred, or the RDR was read 

. Bit 6 Transmitter Underrun (TUR) 

1 Transmit Shift Register is empty and TORE is set 

Transmitter Shift Register is not empty 

Bit 5 CTS Level (CTS LVL) 

1 CTS line is high 

CTS line is low 

Bit 4 DCD Level (DCD LVL) 

1 DCD line is high 

DCD line is low 

Bit 3 DSR Level (DSR LVL) 

1 DSR line is high 

DSR line is low 

Bit 2 Receive Break (BRK) 

1 A Receive Break has occurred 

No Receive Break occurred, or RDR was read 

Bit 1 OTR Level (DTR LVL) 

1 DTR line is high 

DTR line is low 

Bit ^ Level (RTS LVL) 

1 RTB line is high 
RTS line is low 
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CONTROL REGISTERS (CR1, CR2) 

The Control Registers are write-only registers. They control access 
to the Auxiliary Control Register and the Compare Data Register. 
They select the number of stop bits, control Echo Mode, and select 
the data rate. 

(Accessed when Bit 7 = 0) 



FORMAT REGISTERS (FR1, FR2) 

The Format Registers are write-only registers. They select the 
number of data bits per cha racte r an d pari ty generation/checking 
options. They also control RTS and DTR. 



7 


6 


5 


4 


3 2 10 





CDR/ACR 


STOP 
BITS 


ECHO 


BAUD RATE SEL 





(Accessed when Bit 7 


= 1) 




7 


6 5 


4 3 


2 


1 





1 


DATA 
BITS 


PAR 
SEL 


PAR 
EN 


DTR 
CNTL 


RTS 
CNTL 



Address = 


1,5 


Reset Value = 


Address = 1,5 


Reset Value = 1 


Bit 7 






Control or Format Register 

Access Control Register 


Bit 7 

1 


Control or Format Register 

Access Format Register 


Bite 




CDR/ACR 








1 

D 




Access the Auxiliary Control Register (ACR) 
Access the Compare Data Register (CDR) 


Bits 6-5 
6 5 


Number of Data Bits Per Character 


Bits 

1 





Number of Stop Bits Per Character 

Two stop bits 
One stop bit 




1 

1 
1 1 


5 
6 
7 
8 


Bit 4 




Echo i\/lode Selection 








1 

D 




Echo IVIode enabled 
Echo Mode disabled 


Bits 4-3 

4 '\ 


Parity Mode Selection 


Bits 3-C 


) 


Baud Rate Selection 





Odd Parity 


3 2 






1 









1 




(bits per second with 3.6864 MHz crystal) 

50 

109.2 

134.58 


1 

1 

1 1 


Even Parity 
Mark in Parity bit 
Space in Parity bit 



1 
1 
1 






1 



1 




150 
300 
600 
1200 


Bit 2 

1 



Parity Enable 

Parity as specified by bits 4-3 
No Parity 


1 




1 


1800 






1 
1 
1 
1 








1 



1 


2400 
3600 
4800 
7200 


Biti 

1 



DTR Control 

Set DTR high 
Set DTR low 


1 1 








9600 






1 1 





1 


19200 


BitO 


RTS Control 


1 1 
1 1 






1 


38400 

External TxC and RxC XI 6 Clocks 


1 



Set RTS high 
Set RTS low 
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COMPARE DATA REGISTERS (CDR1, CDR2) 

The Compare Data Registers are write-only registers which can 
be accessed when CR bit 6 = 0. By writing a value into the CDR, 
the DACIA is put in the compare mode. In this mode, setting of the 
RDRF bit is inhibited until a character is received which matches 
the value in the CDR. The next character is then received and the 
RDRF bit is set. The receiver will now operate normally until the 
CDR is again loaded. 

(Control Register bit 6 = 0) 



7 


6 


5 


4 3 


2 


1 





COMPARE DATA 



Address = 2,6 



Reset Value = 



AUXILIARY CONTROL REGISTERS (ACR1, ACR2) 

The Auxiliary Control Registers are write-only registers. Bits 7-2 
are unused. Bit 1 causes the transmitter to transmit a BREAK. Bit 
determines whether parity error or the parity bit is displayed in ISR 
bit 2. 





(Control Register bit 6 = 1) 




7 


6 5 4 3 2 


1 





NOT USED 


TRNS 
BRK 


PAR 
ERR/ST 



Address = 2,6 

Bits 7-2 

Biti 

1 


BitO 

1 



Reset Value = 00 

Not Used 

Transmit Break (TRNS BRK) 

Transmit continuous Break 
Normal transmission 

Parity Error/State (PAR ERR/ST) 

Send value of parity bit to ISR bit 2 (Address 

Recognition mode) 

Send Parity Error status to ISR bit 2 



RECEIVE DATA REGISTERS (RDR1, RDR2) 

The Receive Data Registers are read-only registers which are 
loaded with the received data character of each frame. Start bits, 
stop bits and parity bits are stripped off of incoming frames before 
the data is transferred from the Receive Shift Register to the 
Receive Data Register. For characters of less than eight bits, the 
unused bits are the high order bits which are set to 0. 

MSB LSB 
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RECEIVE DATA 



Address = 3,7 



Reset Value = 00000000 



TRANSMIT DATA REGISTERS (TDR1, TDR2) 

The Transmit Data Registers are write-only registers which are 
loaded from the CPU with data to be transmitted. For data charac- 
ters of less than eight bits, the unused bits are the high order bits 
which are "don't care". 

IMSB LSB 



7 


6 


5 


4 3 


2 


1 





TRANSMIT DATA 



Address = 3,7 



Reset Value = 



OPERATION 

TERMINATION OF UNUSED INPUTS 

Noise on floating inputs can affect chip operation. All unused 
inputs must be terminated. If the baud rate generator is bypassed, 
XTALI must be connected to ground (XTALO is an output and 
must be left open). If the external clock mode is not used, RxC 
and TxC may be tied either to +5V or to ground. If the handshake 
inputs are not needed, the CTS inp uts sh ould be tied low to 
enable the transmitters. The DCD and DSR inputs may either be 
tied high or low. 

RESET INITIALIZATION 

During power on initialization, all readable registers should be read 
to assure that the status registers are initialized. Specifically, the 
RDRF bit of the Interrupt Status Registers is not initialized by reset. 
The Receiver Data Registers must be read to clear this bit. 

TORE IRQ is generated only on the transition of the corresponding 
TDR from full to empty. Initialization software must account for this 
occurrence. 



BAUD RATE CLOCK OPTIONS 

The receiver and transmitter clocks may be supplied either by the 
internal Baud Rate Generator or by user supplied external clocks. 
Both channels may use the same clock source or one may use 
the Baud Rate Generator and the other channel external clocks. 
If both channels use the Baud Rate Generator, each channel may 
have a different bit rate. The options are shown in Figure 5. 

An internal clock oscillator supplies the time base for the Baud 
Rate Generator. The oscillator can be driven by a crystal or an 
external clock. 

If the on-chip oscillator is driven by a crystal, a parallel resonant 
crystal is connected between the XTALI and XTALO pins. The 
equivalent oscillator circuit is shown in Figure 6. 

A parallel resonant crystal is specified by its load capacitance and 
series resonant resistance. For proper oscillator operation, the load 
capacitance (CO, series resistance (Rs) and the crystal resonant 
frequency (F) must meet the following two relations: 

(C + 2) = 2Cl or C = 2Cl - 2 

_2x10^ 
Rs ^ Rs.ax - ^p^^^, 

where: F is in MHz; C and Cl are in pF; R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer's catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 
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en 

-X 



f^H^ 



EH 



l^h^ 



16 X Tx BAUD RATE 

iruLT- 

16 X Rx BAUD RATE 

inn- 



CLOCK INPUT 



-- LTLfinJl 



OPEN CIRCUIT 



XTALO 

TxC 

RxC 



XTALI 

XTALO 

TxC 
RxC 



• Baud rate determined by XTALI fre- 
quency and 1 of 15 divisors selected in 
CR1 and CR2. CR1 and CR2 must not be 
set to all ones. 

• Channel 1 baud rate may be different 
from channel 2 baud rate. 

• Receiver baud rate must be the same as 
transmitter baud rate. 



A. Both Channels Use Internal Baud Rate Generator 



16 X Tx BAUD RATE 

rinjin. 

16 X Rx BAUD RATE 

IRJirLT 



X" 



INTERNAL CLOCK 
OSCILLATOR DISABLED -<- 



TxC 

RxC 
XTALI 

XTALO 



• Transmitter baud rate 1/16 TxC input 
frequency. 

• Receiver baud rate 1/16 RxC input 
frequency. 

• Channel 1 baud rate is the same as 
channel 2 baud rate. 

• Receiver baud rate may be different from 
transmitter baud rate. 

• Bits 3-0 of CR1 and CR2 must be set to 
all ones. 



B. Both Channels Use External Clocks 



CLOCK INPUT 



XTALI 



XTALO 



TxC 



uuir 



OPEN CIRCUIT '^- 



16 X Tx BAUD RATE 



UUL 

16 X Rx BAUD R/ 

UUL 



XTALI 



XTALO 



Channel 1 baud rate may be different 
from channel 2 baud rate. 

Transmitter baud rate may be different 
from receiver baud rate on channel 
using external clock. 



RxC 



C. One Channel Uses Internal Baud Rate Generator; 
One Channel Uses External Clocks 



Figure 5. Baud Rate Clock Options 
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C ± 5% XTLI 



-^h 



nr 



-c 



3.6864 I 1 

MHz ' ' 



-^^^^-l- 



^ C ± 5»/o 



XTLO 



2pF 



2pF ^ 



R65C52 I 



Figure 6. 

For example, if Cl = 22 pF for a 3.6864 MHz parallel resonant 
crystal, then 

C = (2 X 22) - 2 = 42 pF (use standard value of 43 pF) 



The series resistance of the crystal must be less than 



2x10^ 



(3.6864x22)2 



304 ohms 



If the on-chip oscillator is driven by an external clock, the clock 
is input at XTALI and XTALO is left open. 

An internal counter/divider circuit divides the frequency input at 
XTALI by the divisor selected in bits 3 through of the Control 
Registers. Table 5 lists the divisors that may be selected and shows 
the bit rates generated with a 3.6864 MHz crystal or clock input. 
Other bit rates may be generated by changing the clock or crys- 
tal frequency. However, the input frequency must not exceed 
4 MHz. 

For external clock operation, a transmitter times 16 clock must be 
supplied at TxC and a receiver times 16 clock must be input at RxC. 
Since there are separate receiver and transmitter clock inputs, the 
receiver data rate may be different from the transmitter data rate. 



Table 5. Baud Rate Generator Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
internal Counter 


Baud Rate Generated 
With 3.6864 MHz 
Crystal or Clock 


Baud Rate Generated* 

With a Crystal or Clock 

of Frequency (f) 


3 2 10 





73,728 


(3.6864 x10«)/73,728 = 50 


f/73,728 


1 


33,538 


(3.6864 x10«)/33,538 = 109.92 


f/33,538 


10 


27,408 


(3 6864X 10«)/27,408 = 134 58 


f/27,408 


11 


24,576 


(3.6864 x10«)/24,576 = 150 


f/24,576 


10 


12,288 


(3.6864 x10«)/1 2,288 = 300 


f/1 2,288 


10 1 


6,144 


(3.6864 x10«)/6, 144 = 600 


f/6,144 


110 


3,072 


(3.6864 x10«)/3,072 = 1,200 


f/3,072 


111 


2,048 


(3.6864 x10«)/2,048 = 1,800 


f/2,048 


10 


1,536 


(3.6864 x10«)/1 ,536 = 2,400 


f/1 ,536 


10 1 


1,024 


(3.6864 x10«)/1 ,024 = 3,600 


f/1 ,024 


10 10 


768 


(3.6864 x10«)/768 = 4,800 


f/768 


10 11 


512 


(3.6864 x10«)/51 2 = 7,200 


f/512 


110 


384 


(3.6864x10^384 = 9,600 


f/384 


110 1 


192 


(3 6864x10«)/192 = 19,200 


f/1 92 


1110 


96 


(3 6864x10«)/96 = 38,400 


f/96 


1111 


16 


Transmitter Baud Rate = TxC/16 Receiver Baud Rate = RxC/16 


•Baud Rate = '^^!^"""'=y 
Divisor 
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CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TDRE bit in the ISR signals the 
MPU that the DACIA is ready to accept the next data word. An IRQ 
occurs on the tra nsitio n of the TDR from full to empty if the corre- 
sponding TDRE IRQ enable bit is set in the lER. The TDRE bit 
is set at the beginning of the start bit. When the MPU writes a word 



to the TDR the TDRE bit is cleared. In order to maintain continu 
ous transmission the TDR must be lo aded before t he s top bit(s; 
are ended. 1/16 of a bit time a fter I RQ goes low, the IRQ line may 
be reset by reading the ISR. IRQ will always reset when da ta is 
written to the TDR. Figure 7 shows the relationship between IRQ 
and TxD for the Continuous Data Transmit mode. 
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^ INTERVAL OTHERWISE, 


(TRANSMIT DATA 1 


5R, CAUSES 


CONTINUOUS "MARK" 


REGISTER EMPTY) i 


RQ TO CLEAR 


IS TRANSMITTED 



Figure 7. Continuous Data Transmit 



TRANSMIT UNDERRUN CONDITION 

If the MPU is unable to load the TDR before the last stop bit is sent, 
the TxD line goes to the MARK condition and the underrun flag 



(TUR) IS set. This condition persists until the TDR is loaded with 
a new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 
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CONTINUOUS "MARK" 
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PROCESSOR 
INTERRUPT 
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UNDERRUN BIT 
SET 
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ISR, CLEARS IRQ 



CHAR #n + 1 
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Bi 
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START 



STOP START 



WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 



Figure 8. Transmit Underrun Condition Relationship 



6-218 



R65C52 



Dual Asynchronous Communications Interface Adapter (DACIA) 



TRANSMIT BREAK CHARACTER 

A BREAK may be transmitted by setting bit 1 of the ACR (Trans- 
mit Break bit) to a 1. The BREAK is transmitted after the charac- 
ter in the Transmit Shift Register is sent. If there is a character in 
the Transmit Data Register, it will be transmitted after the BREAK 
is terminated. The Transmit Break bit must remain set for at least 



one character time to assure that a proper BREAK is transmitted. 
If the Transmit Break bit is cleared before one character time of 
BREAK has been transmitted, the BREAK will be terminated after 
one character time has elapsed. If the Transmit Break bit is cleared 
after one character time of BREAK has been transmitted, the 
BREAK will be terminated immediately. Figure 9 shows the rela- 
tionship of TxD, IRQ and ACR bit 1 for various BREAK options. 



STOP START 



STOP START 



STOP START 
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b. Transmit Break bit cleared during first character time of BREAK— BREAK terminates after one character time 
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c. Transmit Break bit cleared after first character time of BREAK— BREAK terminates immediately 



Figure 9. Transmit BREAK 



EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a "busy" device (such as a printer). When the 
CTS line is low, the transmitter operates normally. A high condi- 
tion inhibits the TORE bit in the ISR from becoming set. Transmis- 
sion of the word currently in th e shi ft register Is completed but any 
word in the TDR is held until CTS goes low. 



Any transition on CTS sets bit 5 (CTST) of the ISR. A high on CTS 
forces bit 6 (TDRE) of the ISR to a 0. Bit 7 of the ISR also goes 
to a 1 when CTS is high, if Echo Mode is disabled. Thus, when 
the ISR is $80, it means that CTS Is high and no interrupt source 
requires service. A processor interrupt will not be generated under 
these circumstances, but an ISR polling routine should accom- 
modate this. 
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INDICATING TRANSMIT 
DATA REGISTER EMPTY 



Figure 10. Effects of CTS on Transmitter 
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ECHO MODE TIMING 

In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
mal transmit mode if TORE occurs (indicating end of data) an 



underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 
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Figure 11. Echo Mode Timing 



CONTINUOUS DATA RECEIVE 

The normal receive mode sets the RDRF bit in the ISR when the 
DACIA channel has received a full data word. This occurs at about 
the 9/16 point through the stop bit. The processor must read the 



RDR before the next stop bit, or an ov errun error occurs. Figure 12 
shows the relationship between IRQ and RxD for the continuous 
Data Receive mode. 
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Figure 12. Continuous Data Receive 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the ISR, 
and the new data word is not transferred to the RDR. The RDR 



contains the last word not read by the MPU and all following data 
is lost. The receiver will return to normal oper ation when the RDR 
is read. Figure 13 shows the relationship of IRQ and RxD when 
overrun occurs. 
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Figure 13. Effects of Overrun on Receiver 



RECEIVE BREAK CHARACTER 

When a Break character is received, the Break bit is set. The 
receiver does not set the RDRF bit and remains in this state until 
a stop bit is received. At this time the next character is received 



normally. Figure 14 shows the relationship of IRQ and RxD for a 
Receive Break Character. 
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Figure 14. Receive Breal( Cliaracter 



6-221 



R65C552 



Dual Asynchronous Communications Interface Adapter (DACIA) 



FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the RDRF bit is set. Sub- 
sequent data words are tested separately, so the status bit always 



reflects the last data word received. Figure 15 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 
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NOTES: 1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 



2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 



MISSING 

STOP 

BIT 



PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 



Figure 15. Framing Error 



PARITY ERROR DETECT/ADDRESS 
FRAME RECOGNITION 

The Parity Status bit (ISR bit 2) may be programmed to indicate 
parity errors (ACR bit = 0) or to display the parity bit received 
(ACR bit = 1). 

In applications where parity checking is used, one of the parity 
checking modes is enabled by setting bits 2, 3 and 4 of the For- 
mat Register to the desired option and bit of the Auxiliary Con- 
trol Register is reset to 0. Then, when the RDRF bit (bit 0) is set 
in the ISR, the PAR bit (bit 2) will be set when a parity error is 
detected. 

In multi-drop applications, the parity bit is used as an address/data 
flag. It is set to 1 for address frames and is on data frames. For 



this type of operation, bit of the ACR is set to a 1 and bits 2, 3 
and 4 of the FR select a parity checking mode. Then, ISR bit 2 will 
be set to a 1 by incoming address frames and it will be a on data 
frames. 



COMPARE MODE 

The Compare Mode is automatically enabled, i.e., the channel is 
put to sleep, whenever data is written to the Compare Data 
Register. NOTE: Bit 6 of the Control Register must be set to to 
enable access to the Compare Data Register. When the channel 
is in the compare mode, the RDRF bit (bit of the ISR) is forced 
to a 0. Upon receipt of a matching character, normal receiver oper- 
ation resumes and the RDRF bit (bit of the ISR) will be set upon 
receipt of the next character. 
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SPECIFIOVTIONS 

DACIA READ/WRITE WAVEFORMS 
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READ CYCLE 



-WRITE CYCLE - 



NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8V AND A 
HIGH VOLTAGE OF 2.0V, UNLESS OTHERWISE NOTED. 



DACIA READ/WRITE CYCLE TIMING 

(Vcc « 5 Vdc ±5%, Vss = Vdc, T^ = Tl to Th, unless otherwise noted) 



Number 


Characteristic 


Symbol 


1MHz 


2 MHz 


3 MHz 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Unit 


1 


R/W, RS0-RS2 Valid to CS Low (Setup) 


Trsu 


5 


~ 


5 


- 


5 


- 


ns 


2 


CS Low to R/W, RS0-RS2 Invalid (Hold) 


Trh 


45 


- 


45 


- 


45 


- 


ns 


3 


CS Pulse Width 


TcP 


410 


- 


340 


- 


210 


- 


ns 


6 


CS Low to Data Valid (Read) 


TCDV 


- 


360 


- 


290 


- 


170 


ns 


8 


CS High to Data Invalid (Read) 


TCDR 


10 


50 


10 


50 


10 


50 


ns 


9 


Data Valid to CS High (Write, Setup) 


Tdsu 


30 


- 


30 


- 


30 


- 


ns 


10 


CS High to Data Invalid (Write Hold) 


TcDW 


10 


- 


10 


- 


10 


- 


ns 
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DACIA TRANSMIT/RECErVER WAVEFORMS 



TxC,RxCy:^_@ 



TxD 

IRQ 

CTS,DCD,DSR 

CS 
RTS,DfS 



X 



^H 



F 



X 



15 



kW-." 



17 



V 



y 



(«)- 



^« 



X 



NOTE: IRQ WILL NOT CHANGE STATE WHEN CS IS LOW. NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM 

A LOW VOLTAGE OF 0.8V AND A HIGH VOLTAGE OF 2.0V, 
UNLESS OTHERWISE NOTED. 



TRANSMIT/RECEIVE AND INTERRUPT ACKNOWLEDGE TIMING 

(Vcc = 5 Vdc ±5%, Vgs = Vdc, T^ = Tl to Th, unless otherwise noted) 



Number Characteristic 


Symbol 


Min. 


Max. 


Unit 




TRANSMIT/RECEIVE TIMING 


12 


Transmit/Receive Clock Rate 


tcY 


300 


- 


ns 


13 


Transmit/Receive Clock High 


tcH 


125 


- 


ns 


14 


Transmit/Receive Clock Low 


tcL 


125 


- 


ns 


15 


TxC, RxC to TxD Propagation Delay 


too 


- 


285 


ns 


16 


TxC, RxC to IRQ Propagation Delay 


toi 


- 


285 


ns 


17 


CTS. DCD, DSR Valid to IRQ Low 


ton 




150 


ns 


18 


IRQ Propagation Delay (Clear) 


t|RQ 




150 


ns 


19 


RTS, DTR Propagation Delay 


toLY 


- 


150 


ns 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V|N 


-0.3 to Vcc +0.3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto +70 
-40 to +85 


°C 


Storage Temperature 


"•"STG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


to 70°C 
-40°Cto +85°C 



DC CHARACTERISTICS 

(Vcc = 5.0 V ±5%, Vss = 0, Ta = T,. to Th, unless otherwise noted) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
Except XTALI 
XTALI 


V,H 


+ 2.0 
+ 3.0 


- 


Vcc + 0.3 
Vcc + 0.3 


V 




Input Low Voltage 
Except XTALI 
XTALI 


V,L 


-0.3 
-0.3 


- 


+ 0.8 
+ 0.4 


V 




Input Leakage Current 
R/W, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, 
TxC, CS 


l|N 




10 


50 


Ilk 


V,N = OV to 5.0V 
Vcc = 5.25V 


Input Leakage Current for Three-State Off 
D0-D7 


'tsi 


— 


±2 


10 


Ilk 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 
D0-D7, TxD, CLK OUT, RTS, DTR 


VOH 


+ 2.4 


— 


— 


V 


Vcc = 4.75V 
Iload= -100mA 


Output Low Voltage 
D0-D7, TxD, CLK OUT RTS, DTR 


Vol 


— 


— 


+ 0.4 


V 


Vcc = 4.75V 
'load = "I-S mA 


Output Leakage Current (Off State) 
IRQ 


Iqff 


— 


±2 


±10 


lA 


Vcc = 5.25V 
Vqut = to 2.4V 


Power Dissipation 


Pd 


- 


- 


10 


mW/MHz 




Input Capacitance 
Except XTALI 
XTALI 


C,N 


- 


- 


5 
10 


PF 
PF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta = 25°C 


Output Capacitance 


Cqut 


- 




10 


pF 


Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and T^ = 25*'C. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



L B 



H» 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50 29 


51 31 


1 980 


2 020 


B 


15 11 


15 88 


595 


625 


C 


2 54 


4 19 


100 


165 


D 


38 


53 


015 


021 


F 


76 


1 27 


030 


050 


G 


2 54 BSC 


100 BSC 


H 


76 


178 


030 


070 


J 


20 


33 


008 


013 


K 


2 54 


4 19 


100 


165 


L 


14 60 


15 37 


575 


605 


M 


0" 


10» 


0° 


10° 


N 


51 


152 


020 


060 



40-PIN PLASTIC DIP 



-nr>rinnrtnf:>nnnnnnAr>nnr>rri,. 



'xmr vvvuvvuuuovvuuuuvu 



-^g|^ -Ar-^ -*IUd 



9rM 

c^ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51 82 


52 32 


2 040 


2 060 


B 


13 46 


13 97 


530 


550 


C 


3 56 


5 08 


140 


200 


D 


38 


53 


015 


021 


F 


1 02 


152 


040 


060 


G 


2 54 BSC 


100 BSC 


H 


1 65 


216 


065 


085 


J 


20 


30 


008 


012 


K 


3 30 


4 32 


130 


0170 


L 


15 24 BSC 


600 BSC 


M 


7° 


10° 


7° 


10° 


N 


51 


1 02 


020 


040 



44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



INDEX 


• D " 

* D1 ^ 


CORNER 


h 02— -| 


'^1 




1 


> 




1 

1 1 
02 c 

I 1 


' O 3a- 

! 

PIN 1 

INDICATOR 

UUUUUUUUUUU — 




SEATING PLANE 



TOP VIEW 
CHAM. J X 45"*:; 



SIDE VIEW 





DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


4 14 


4 39 


163 


173 


A1 


137 


1 47 


054 


058 


A2 


2 31 


2 46 


091 


097 


b 


457 TYP 


018 TYP 


D 


17 45 


17 60 


687 


693 


D1 


16 46 


16 56 


648 


652 


D2 


12 62 


12 78 


497 


503 


D3 


15 75 REF 


620 REF 


e 


1 27 BSC 


050 BSC 


h 


1 15 TYP 


045 TYP 


J 


25 TYP 


010 TYP 


a 


45° TYP 


45° TYP 


R 


89 TYP 


035 TYP 


R1 


25 TYP 


010 TYP 



SECTION A-A 
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 



EJECTOR PIN MARKS 

4 PLCS BOTTOM OF 

PACKAGE ONLY 

(TYPICAL) 



BOTTOM VIEW 
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DESCRIPTION 

The Rockwell CMOS R68C552 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled two-channel interface between 16-bit 
microprocessor-based systems and serial communication data 
sets and modems. 

The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. 

Transmitter and Receiver bit rates may be controlled by an inter- 
nal baud rate generator or external times 16 clocks. The baud rate 
generator accepts either a crystal or a clock input, and provides 
15 programmable baud rates. When a 3.6864 MHz crystal is used, 
the baud rates range from 50 bps to 38,400 bps. 

The DACIA may be programmed to transmit and receive frames 
having word lengths of 5, 6, 7 or 8 bits; even, odd, space, mark 
or no parity; and 1 or 2 stop bits. 

A Compare Register, and the ability to detect address frames, facili- 
tate address recognition in a multidrop mode. 



FEATURES 

Low power CMOS N-well silicon gate technology 

Two independent full duplex channels with buffered receivers 
and transmitters. 

Data set/modem control functions 

Internal baud rate generator with 15 programmable baud rates 
(50 bps to 38,400 bps) 

Program-selectable internally or externally controlled receiver 
and transmitter bit rates 

Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

Programmable interrupt control 

Edge detect for DCD, DSR, and CTS 

Program-selectable echo mode for each channel 

Compare Register 

Address/Data frame recognition 

5.0 Vdc ± 5% supply requirements 

40-pin plastic or ceramic DIP or 44-pin PLCC 

Full TTL or CMOS input/output compatibility 

Compatible with R68000 microprocessors 



ORDERING INFORMATION 


Part Number 
R68C552 


— 


' Temperature Range (Tl to Th): 

Blank = 0°Cto +70«C 
E = -40°Cto +85°C 




C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
J = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 




Document No. 68650N09 



Product Description 
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INTERFACE SIGNALS 

The DACIA is available in a 40-pin DIP or a 44-pin PLCC. Figure 1 
shows the pin assignments for each package. The DACIA inter- 
face signals are shown in Figure 2. Table 1 contains a description 
of each signal. 



RES C 




40 


3 Vcc 


DTACK C 




39 


:]cs 


XTALI C 




38 


3 R/W 


XTALO L 




37 


3 RS2 


CLKOUT C 




36 


3 RSI 


IACK2 C 




35 


3 RSO 


DSR2 C 




34 


3 IACK1 


DCD2 E 




33 


3 DSR1 


CTS2 C 




32 


3 DCD1 


RTS2 C 




31 


D CTS1 


IRQ2 E 




30 


3 RTS1 


RxD2 E 




29 


D IRQ1 


DTR2 E 




28 


3 RxDI 


TxD2 q 




27 


D DTR1 


TxC E 




26 


D TxDI 


D7 d 




25 


3 RxC 


D6 E 




24 


D DO 


D5 C 




23 


3 D1 


D4 E 




22 


D D2 


Vs8 C 


20 


21 


D D3 



40-PIN DIP 



RxC E 7 

TxDI E 8 

DTR1 E 9 

RxDI E 10 

JROT E 11 

RTS1 E 12 

CfsT E 13 

DCD1 E 14 

DSR1 E 15 

IACK1 E 16 

RSO E 17 



nnnnnnnnnnn 



o 



uuuuuuuuuuu 

fe X fc 



44-PIN PLCC 



39 3 TxC 

38 H TxD2 

37 3 0TR2 

36 3 RxD2 

35 H iRQ2 

34 II RfS2 

33 3 CfS2 

32 3 DCD2 

31 3 DSR2 

30 3 IACK2 

29 H CLKOUT 



Figure 1. R68C552 Pin Assignments 



R68000 
BUS 



IACK1 



IRQ1 




IRQ2 



IACK2 - 



IACK1 
LOGIC 



ACIA1 

INTERRUPT 

LOGIC 



ACiAl 
REGISTERS 

AND 
CONTROL 

LOGIC 



I/O CONTROL 

AND 

REGISTER 

SELECT 

LOGIC 



DTACK 
LOGIC 



ACIA1 BAUD 
RATE SELECT 



DATA 

BUS 

BUFFERS 



DATA 
I/O 
MUX 



ACIA2 

INTERRUPT 

LOGIC 



IACK2 
LOGIC 



CLOCK 
LOGIC 



ACIA2 BAUD 
RATE SELECT 



ACIA2 
REGISTERS 

AND 
CONTROL 

LOGIC 
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XTALI 
. XTALO 
. CLKOUT 

RxC 

TxC 




ACIA 
CHANNEL 2 



Figure 2. R68C552 DACIA Interface Signals 
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Table 1. DACIA Interface Signal Definitions 



Signal 


Pin No. 




Name/Description 


DIP 


PLCC 


I/O 


Host Interface 


RES 


1 


24 


1 


Reset. Active low input controlling the reset function. This signal must be driven low for a minimum of 
4 lis for a valid reset to occur. It is dnven high during normal operation. 


R/W 


38 


20 


1 


Read/Write. Input controlling the direction of data transfer. It is driven low during write cycles, and is 
driven high at all other times. 


CS 


39 


21 


1 


Chip Select. Active low input enabling data transfers between the host CPU and the DACIA. The 
DACIA latches register selects and the R/W input on the falling edge of CS. It latches input data on the 
rising edge of CS. 


RS0-RS3 


35-37 


17-19 


1 


Register Select. Three inputs controlling access to the DACIA internal registers. Table 3 lists the cod- 
ing for each register. 


D0-D3 
D4-D7 


24-21 
19-16 

2 


6-3 
44-41 

25 


I/O 



Data Bus. Eight bidirectional lines used to transfer data between the host and the DACIA. These lines 
output data during READ cycles when CS is low and they output the interrupt vector during INTER- 
RUPT ACKNOWLEDGE cycles when IACK1 or IACK2 is low. At all other times, they are in the high 
impedence state. 

Data Transfer Acknowledge. Active low open dram output generated in response to CS, IACK1 and 
iACK2 during asynchronous data transfers. DTACK goes to the high impedence state when CS, IACK1 
and IACK2 are high. 


DTACK 


IRQ1 
IRQ2 


29 
11 


11 
35 





Interrupt Request. Two active low, open-drain outputs from the interrupt control logic. These outputs 
are normally high. An IRQ line goes low when one of the flags of the associated ISR is set if the 
corresponding enable bit is set in the lER. 


IACK1 
IACK2 


34 
6 


16 
30 


1 


Interrupt Acknowledge. Two active low inputs indicating that an INTERRUPT ACKNOWLEDGE cycle 
is in progress. When an lACK goes low, the DACIA places the interrupt vector for the associated 
channel on the data bus and issues DTACK. 


Clock Interface 


XTALI 
XTALO 


3 
4 


26 
27 


I 




Crystal Input/Output. One input and one output through which the reference signal for the internal 
clock oscillator is supplied. A parallel resonant crystal may be connected across the pins or a clock 
may be input at XTALI. When a clock is used, XTALO must be left open. 


CLK OUT 


5 


29 





Clock Out. A buffered output from the internal clock oscillator which is in phase with XTALI. This out- 
put may be used to drive the XTALI input of another DACIA. Therefore, several DACIA chips may be 
driven with one crystal. 


RxC 


25 


7 


1 


Receiver Clock. Input for external 16x receiver clock 


TxC 


15 


39 


i 


Transmitter Clock. Input for external 16x transmitter clock. 


Serial Channel Interface 


DTR1 
DTR2 


% 


9 
37 





Data Terminal Ready. Two general purpose outputs which are set high upon reset. The output level is 
programmed by setting the appropnate bit in the associated Format Register (FR) high or low. The state 
of each DTR line is reflected by the DTR LVL bit m the associated Control Status Register (CSR). 


DSR1 
DSR2 


33 
7 


15 
31 


1 


Data Set Ready. Two general purpose inputs. An active transition sets the DSRT bit in the Interrupt 
Status Register (ISR). The DSR LVL bit in the associated CSR reflects the current state of a DSR line. 


RTS1 
RTS2 


30 
10 


12 
34 





Request To Send. Two general purpose outputs which are set high upon reset. The output level is 
programmed by setting the appropriate bit in the associated FR high or low. The state of an RTS line is 
reflected by the RTS LVL bit in the associated CSR. 


CTS1 
CTS2 


31 
9 


13 
33 


1 


Clear To Send. The CTS control line inputs allow handshaking by the transmitters. When CTS is low, 
the data is transmitted continuously. When CTS is high, the Transmit Data Register Empty bit (TORE) in 
the associated ISR is not set. The word presently in the Transmit Shift Register is sent normally. Any 
active transition on a CTS line sets the CTST bit in the appropriate ISR. The CTS LVL bit in the 
associated CSR reflects the current state of CTS. 


TxD1 
TxD2 


26 
14 


8 
38 





Transmit Data. The TxD outputs transfer serial non-return to zero (NRZ) data to the data communica- 
tions equipment (DCE). The data is transferred, LSB first, at a rate determined by the baud rate genera- 
tor or external clock. 


DCD1 
DCD2 


32 
8 


14 
32 


I 


Data Carrier Detect. Two general purpose inputs. An active transition sets the DCDT bit in the 
appropriate ISR. The DCD LVL bit in the associated CSR reflects the current state of a DCD line. 


RxD1 
RxD2 


28 

12 


10 
36 


1 


Receive Data. The RxD inputs transfer serial NRZ data into the DACIA from the DCE, LSB first. The 
receiver baud rate is determined by the baud rate generator or external clock. 


Power 1 


vcc 


40 


22 


1 


DC Power Input. 5.0V ± 5%. 


vss 


20 


1 


1 


Power and Signal Reference. 
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FUNCTIONAL DESCRIPTION 

Figure 3 is a blocic diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 

RESET LOGIC 

The Reset Logic sets various inter nal re gisters, status bits and con- 
trol lines to a known state. The RES input must be driven low 
for a minimum of 4 ^s for a valid reset to occur. At this time, the 
lERs are set to $80, the RDRs and A CRsa re cleared, and the com- 
pare mode is disa bled. Also, the DTR and RTS outputs are 
driven high and the CTS, DCD and DSR transition detect flags 
are cleared. No other bits are affected. 

DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the data 
lines and the internal data bus. The state of the Data Bus Buffer 
is controlled by the I/O Control Logic and the Interrupt Logic. 
Table 2 summarizes the Data Bus Buffer states. 

I/O CONTROL LOGIC 

The i/O Control Logic controls data transfers between the Inter- 
nal Registers and the Data Bus Buffer. Internal Register selection 
is deternfiined by the Register Select inputs as shown in Table 3. 
When RA/V is high and CS is low, data from the selected register 
is trans ferred from the internal data bus to the data lines and 
DT ACK is asserted. When CS is high, the DACIA is deselected if 
the lACK inputs are high and the data lines are tri-stated. 

INTERRUPT LOGIC 

The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the Inter- 
rupt Status Register) involved in the control of interrupts in the 
DACIA. An IRQ will be asserted on the transition of one of the 
flags in an ISR from to 1 if the corresponding bit in the associated 
lER is set. The IRQ line is negated when the ISR is read or when 



the interrupting condition is cleared. CAUTION: When the inter- 
rupt is generated by TORE, 1/16 of a bit time must elapse before 
IRQ can be cleared by reading the ISR. 
When an lACK inputgoes low in response to an IRQ, the following 
occurs if CS and R/W are high: DO goes low if the IRQ is generated 
by TDR empty or RDR full. DO goes high for all other interrupt 
sources. TORE and RDRF interrupts have priority over all other 
interrupt sources. D1 goes low when the interrupt request is from 
Channel 1. It goes high if the IRQ is from Channel 2. D2 through 
D7 outputs the Interrupt Vector Nu mber sto red in bits 2 through 
7 of the Auxiliary Control Register. DTACK is asserted. 

CLOCK OSCILLATOR LOGIC 

The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an exter- 
nal clock. 

The baud rate generator may be disabled by connecting XTALI 
to ground and leaving XTALO open. When this is done, a trans- 
mitter times 16 clock must be input at TxC, a receiver times 16 clock 
must be input at RxC and the Control Registers must be 
programmed to select TxC and RxC clocks. 







Table 2. Data Bus Buffer Summary 
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Figure 3. DACIA Block Diagram 
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Table 3. DACIA Register Selection 





Reaister Select 


Register Accessed 


Lines 


Write 


Read 


HEX 


RS2 RSI RSO 


Symbol 


Name 


Symbol 


Name 





L L L 


IER1 


Interrupt Enable 
Register 1 


ISR1 


Interrupt Status 
Register 1 


1 


L L H 


CR1 


Control 
Register 11 


CSR1 


Control Status 
Register 1 


FR1 


Format 
Register 12 


2 


L H L 


CDR1 


Compare Data 
Register 13 




Not Used 


ACR1 


Auxiliary Control 
Register 1* 


3 


L H H 


TDR1 


Transmit Data 
Register 1 


RDR1 


Receive Data 
Register 1 


4 


H L L 


IER2 


Interrupt Enable 
Register 2 


ISR2 


Interrupt Status 
Register 2 


5 


H L H 


CR2 


Control 
Register 2^ 


CSR2 


Control Status 
Register 2 


FR2 


Format 
Register 22 


6 


H H L 


CDR2 


Compare Data 
Register 23 




Not Used 


ACR2 


Auxiliary Control 
Register 2* 


7 


H H H 


TDR2 


Transmit Data 
Register 2 


RDR2 


Receive Data 
Register 2 


Notes: 

1. D7 must be set low to write to the Control Registers. 

2. D7 must be set high to write to the Format Registers. 

a Control Register bit 6 must be set to to access the Compare Register. 

4. Control Register bit 6 must be set to 1 to access the Auxiliary Control Register. 
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SERIAL DATA CHANNELS 

Two independent serial data channels are available for the full 
duplex (simultaneous transmit and receive) transfer of asyn- 
chronous frames. Separate internal registers are provided for each 
channel for the selection of frame parameters (number of bits per 
character, parity options, etc.), status flags, interrupt control and 
handshake. The asynchronous frame format is shown in Figure 4. 

Transmit data from the host system is loaded into the Transmit Data 
Register. From there, it is transferred to the Transmit Shift Register 
where it is shifted, LSB first, onto the TxD line. All transmissions 
begin with a start bit and end with the user selected number of 
stop bits. A parity bit is transmitted before the stop bit(s) if parity 
is enabled. 



is high and the Transmit Shift Register is empt y, the transmitter 
(except for Echo Mode) is inhibited. When CTS is low, the 
transmitter is enabled. 



1 



-— V^ — 



L J 

START I LSB I 



-^^- 



.1 L 1 I 

I MSB I PARITY I STOP 

I I (OPT) (1 OR 2 BITS) 



Figure 4. Asynchronous Frame Format 



Receive data is shifted into the Receive Shift Register from the 
associated RxD line. Start and stop bits are stripped from the frame 
and the data is transferred to the Receive Data Register. Parity bits 
may be discarded or stored in the ISR. 

Five I/O lines are provided for each channel for handshake with 
the data commun icat ions e quipment (DCE). Four of these signals 
(RTS, DTR, DSRand DCD) are general purpose inputs or out puts. 
The fifth signal, CTS, enables/disables the transmitter. When CTS 



INTERNAL REGISTERS 

The DACIA contains ten control registers and four status registers 
in addition to the transmit and receive registers. The Control 
Registers provide for control of frame parameters, baud rate, inter- 
rupt generation, handshake lines, transmission and reception. The 
status registers provide status information on transmit and receive 
registers, error conditions and interrupt sources. Table 4 summa- 
rizes the bit definitions of these registers. A detailed description 
follows. 



Table 4. Register Formats 



Register 
Select 
(Hex) Register 



R/W 



Bit 
4 3 



W 



ISR1 
ISR2 



IER1 
[ER2 

CSR1 R 

CSR2 

CR1 W 

CR2 

FR1 W 

FR2 

CDR1 W 

CDR2 (CR6 = 0) 

ACR1 W 

ACR2 (CR6 = 1) 

RDR1 R 

RDR2 



ANY 
BIT SET 


TORE 


CTST 


DCDT 


DSRT 


PAR 


F/O/B 


RDRF 




CLR/SET 
BITS 


TDRE 


CTST 
IE 


DCDT 
IE 


DSRT 
IE 


PAR 
IE 


F/O/B 
IE 


RDRF 
IE 



FE 


TUR 


CTS 
LVL 


DCD 

LVL 


DSR 
LVL 


BRK 


DTR 
LVL 


RTS 
LVL 



TDR1 
TDR2 



W 






CDR/ 
ACR 


STOP 
BITS 


ECHO 


1 i 1 
BIT RATE SEL 

1 1 1 



Reset 

Value 

76543210 



1 - 00000 - 



1 011 







1 


1 

DATA BITS 

1 


1 
PAR SEL 

1 


PAR 
EN 


DTR 
CNTL 


RTS 
CNTL 



1 1 1 1 1 1 1 
COMPARE DATA 

1 1 1 1 1 1 1 




1 1 1 1 1 
IRQ VECTOR NUMBER 

1 1 1 1 1 


TRNS 
BRK 


PAR 
ERR/ST 




1 1 1 1 1 1 1 
RECEIVE DATA REGISTER 

1 1 1 1 1 1 1 




1 1 1 1 1 1 1 
TRANSMIT DATA REGISTER 

1 1 1 1 1 1 1 



-00 



00000000 
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INTERRUPT STATUS REGISTERS (ISR1, ISR2) 

The Interrupt Status Registers are read-only registers indicating 
the status of each interrupt source. Bits 6 through are set when 
the i ndic ated IRQ condition has occurred. Bit 7 is set to a 1 when 
any IRQ source bit is set, or if Echo Mode is disabled, when CIS 
Is high. 



7 


6 


5 


4 


3 


2 


1 





ANY 
BIT 
SET 


TORE 


creT 


DCDT 


DSRT 


PAR 


F/O/B 


RDRF 



Address = 0,4 

Bit 7 

1 



Bite 

1 



Bits 

1 



Bit 4 

1 



Bits 

1 



Bit 2 



Bit1 

1 



BitO 

1 




Reset Value = 1 - 00000 - 

Any Bit Set 

Any bit (6 through 0) has been set to a 1 or CTS 

is high with echo disabled 

No bits have been set to a 1 or echo is enabled 

Transmit Data Register Empty (TO RE) 

Transmit Data Register Is empty and C TS is low 
Transmit Data Register is full or CTS is high 

Transition On CTS Line (CTST) 

A po sitive or negative transition has occurred on 

CTS 

No transition has occurred on CTS, or ISR has 
been Read 

Transition On DCD Line (DCDT) 

A pos itive or negative transition has occurred on 

DCD 

No transition has occurred on DCD, or ISR has 
been Read 

Transition On DSR Line (DSRT) 

A pos itive or negative transition has occurred on 

DSR 

No transition has occurred on DSR, or ISR has 
been Read 

Parity Status (PAR) 
ACR bit = 

A parity error has occurred in received data 
No parity error has occurred, or the Receive Data 
Register (RDR) has been Read 
ACR bit = 1 
Parity bit = 1 
Parity bit = 

Frame Error, Overrun, Break 

A framing error, receive overrun, or receive break 
has occurred or has been detected 
No error, overrun, break has occurred or RDR 
has been Read 

Receive Data Register Full (RDRF) 

Receive Data Register is full 
Receive Data Register is empty 



INTERRUPT ENABLE REGISTERS (IER1, IER2) 

The Interrupt Enable Registers are w rite-only registers that ena- 
ble/disable the IRQ sources. IRQ sources are enabled by 
writing to an lER with bit 7 set to a 1 and the bit for every IRQ source 
to be enabled set to a 1. IRQ sources are disabled by writing to 
an lER with bit 7 reset to a and the bit for every source to be dis- 
abled set to a 1 . Any source bit reset to is unaffected and remains 
in its original state. Thus, writing $7Fto an lER disables all of that 
channel's interrupts and writing an $FF to an lER enables all of 
that channel's interrupts. 



7 


6 


5 


4 


3 


2 


1 





SET 
BITS 


TORE 
IE 


CTST 
IE 


DCDT 
IE 


DSRT 
IE 


PAR 
IE 


F/O/B 
IE 


RDRF 
IE 


Address = 0,4 


Reset Value = - 


0000000 


Bit 7 

1 



Enable/Disable 

Enable selected IRQ source 
Disable selected IRQ source 




Bits 0-6 

1 



Select for enable/disable 
No change 







CONTROL STATUb REGISTERS (CSR1, CSR2) 

The Control Status Registers are read-only registers that provide 
I/O statu s and error condition information. A CSR is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 



7 


6 


5 


4 


3 


2 


1 





FE 


TUR 


CTS 
LVL 


DCD 
LVL 


DSR 
LVL 


BRK 


DfR 
LVL 


RTS 
LVL 



Address = 1,5 Reset Value = 1 011 

Bit 7 Framing Error (FE) 

1 A framing error occurred in receive data 

No framing error occurred, or the RDR was read 

Bit 6 Transmitter Underrun (TUR) 

1 Transmit Shift Register is empty and TDRE is set 

Transmitter Shift Register is not empty 

Bit 5 CTS Level (CTS LVL) 

1 CTS line is high 

CTS line is low 

Bit 4 DCD Level (DCD LVL) 

1 DCD line is high 

DCD line is low 

Bit 3 DSR Level (DSR LVL) 

1 DSR line is high 

DSR line is low 

Bit 2 Receive Break (BRK) 

1 A Receive Break has occurred 

No Receive Break occurred, or RDR was read 

Bit 1 CTR Level (DTR LVL) 

1 DTR line is high 

DTR line is low 

Bit ^ Level (RTS LVL) 

1 RTS line is high 
RTS line is low 
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CONTROL REGISTERS (CR1, CR2) 

The Control Registers are write-only registers. They control access 
to the Auxiliary Control Register and the Compare Data Register. 
They select the number of stop bits, control Echo Mode, and select 
the data rate. 



FORMAT REGISTERS (FR1, FR2) 

The Format Registers are write-only registers. They select the 
number of data bits per cha racte r an d pari ty generation/checking 
options. They also control RTS and DTR. 



(Accessed when Bit 7 = 0) 



7 


6 


5 


4 


3 2 10 





CDR/ACR 


STOP 
BITS 


ECHO 


BAUD RATE SEL 





(Accessed when Bit 7 


= 1) 




7 


6 5 


4 3 


2 


1 





1 


DATA 
BITS 


PAR 
SEL 


PAR 
EN 


DTR 
CNTL 


RTS 
CNTL 



Address = 


1,5 


Reset Value = 


Address = 1,5 


Reset Value = 1 


Bit 7 






Control or Format Register 

Access Control Register 


Bit 7 

1 


Control or Format Register 

Access Format Register 


Bite 




CDR/ACR 






1 




Access the Auxiliary Control Register (ACR) 


Bits 6-5 


Number of Data Bits Per Character 







Access the Compare Data Register (CDR) 


6 5 




Bits 




Number of Stop Bits Per Character 





5 


1 




Two stop bits 


1 


6 







One stop bit 


1 
1 1 


7 
8 


Bit 4 




Echo Mode Selection 






1 




Echo Mode enabled 











Echo Mode disabled 


Bits 4-3 
4 3 




Parity Mode Selection 


Bits 3-0 


Baud Rate Selection 


Odd Parity 


3 2 1 





(bits per second with 3.6864 MHz crystal) 


1 


Even Parity 








50 


1 


Mark in Parity bit 







109.2 


1 1 


Space in Parity bit 


1 





134.58 






1 




150 






1 





300 


Bit 2 


Parity Enable 


10 




600 


1 


Parity as specified by bits 4-3 


1 1 





1200 





No Parity 


1 1 




1800 






1 





2400 


Bit1 


DTR Control 


1 
1 1 




3600 
4800 


1 



Set DTR high 
Set DTR low 


1 1 




7200 






1 1 





9600 






1 1 




19200 


Bite 


RIS Control 


1 1 1 




38400 


1 


Set RTS high 


1 1 1 




External TxC and RxC XI 6 Clocks 





Set RTS low 
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COMPARE DATA REGISTERS (CDR1, CDR2) 

The Compare Data Registers are write-only registers wiiich can 
be accessed when CR bit 6 = 0. By writing a value into the CDR, 
the DACIA Is put in the compare mode. In this mode, setting of the 
RDRF bit Is inhibited until a character is received which matches 
the value In the CDR. The next character is then received and the 
RDRF bit is set. The receiver will now operate normally until the 
CDR is again loaded. 

(Control Register bit 6 = 0) 



7 


6 


5 


4 3 


2 


1 





COMPARE DATA 



Address = 2,6 



Reset Value = 



AUXILIARY CONTROL REGISTERS (ACR1, ACR2) 

The Auxiliary Control Registers are write-only registers. Bits 7-2 
hold the user selected interrupt vector number to be output on data 
lines 7-2 during interrupt acknowledge. Bit 1 causes the transmitter 
to transmit a BREAK. Bit determines whether parity error or the 
parity bit Is displayed in ISR bit 2. 

(Control Register bit 6 = 1) 



7 6 5 4 3 2 


1 





IRQ VECTOR ADDRESS 


TRNS 
BRK 


PAR 
ERR/ST 



Address = 2,6 

Bits 7-2 

Bitl 

1 


BitO 

1 



Reset Value = 00 

IRQ Vector Address 

Transmit Break (TRNS BRK) 

Transmit continuous Break 
Normal transmission 

Parity Error/State (PAR ERR/ST) 

Send value of parity bit to ISR bit 2 (Address 

Recognition mode) 

Send Parity Error status to ISR bit 2 



RECEIVE DATA REGISTERS (RDR1, RDR2) 

The Receive Data Registers are read-only registers which are 
loaded with the received data character of each frame. Start bits, 
stop bits and parity bits are stripped off of incoming frames before 
the data Is transferred from the Receive Shift Register to the 
Receive Data Register. For characters of less than eight bits, the 
unused bits are the high order bits which are set to 0. 

MSB LSB 



1 



RECEIVE DATA 



Address = 3,7 



Reset Value = 00000000 



TRANSMIT DATA REGISTERS (TDR1, TDR2) 

The Transmit Data Registers are write-only registers which are 
loaded from the CPU with data to be transmitted. For data charac- 
ters of less than eight bits, the unused bits are the high order bits 
which are "don't care". 

MSB LSB 



7 


6 


5 


4 3 


2 


1 





TRANSMIT DATA ^ 



OPERATION 

TERMINATION OF UNUSED INPUTS 

Noise on floating inputs can affect c hip op erati on. All unused 
inputs must be terminated. If unused, IACK1 and IACK2 must be 
tied high. If the baud rate generator is bypassed, XTALI must be 
connected to ground (XTALO is an output and must be left open). 
If the external clock mode is not used, RxC and TxC may be tied 
either to + 5V o r to ground. If the handshake inputs are not 
needed, t he CT S in puts s hould be tied low to enable the transmit- 
ters. The DCD and DSR inputs may either be tied high or low. 



Address = 3,7 



Reset Value = 



TERMINATION OF DTACK 

A current limiting resist or with a minimum value of 3.6 Kfi should 
be connected between DTACK and +5V. 



RESET INITIALIZATION 

During power on initialization, all readable registers should be read 
to assure that the status registers are initialized. Specifically, the 
RDRF bit of the Interrupt Status Registers Is not initialized by reset. 
The Receiver Data Registers must be read to clear this bit. 

TDRE IRQ is generated only on the transition of the corresponding 
TDR from full to empty. Initialization software must account for this 
occurrence. 



BAUD RATE CLOCK OPTIONS 

The receiver and transmitter clocks may be supplied either by the 
internal Baud Rate Generator or by user supplied external clocks. 
Both channels may use the same clock source or one may use 
the Baud Rate Generator and the other channel external clocks. 
If both channels use the Baud Rate Generator, each channel may 
have a different bit rate. The options are shown in Figure 5. 

An internal clock oscillator supplies the time base for the Baud 
Rate Generator. The oscillator can be driven by a crystal or an 
external clock. 

If the on-chip oscillator is driven by a crystal, a parallel resonant 
crystal is connected between the XTALI and XTALO pins. The 
equivalent oscillator circuit is shown in Figure 6. 

A parallel resonant crystal is specified by its load capacitance and 
series resonant resistance. For proper oscillator operation, the load 
capacitance (CO, series resistance (Rs) and the crystal resonant 
frequency (F) must meet the following two relations: 

(C + 2) = 2Cl or C = 2Cl - 2 
R <R _2x10! 

Rs ^ Rsmax - ^^^^^^ 

where: F is in MHz; C and Cl are in pF; R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer's catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 
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11^ 



-X. 






16 X Tx BAUD RATE 

Tiuir- 

16 X Rx BAUD RATE 

uui- 



CLOCK INPUT 



-- LTLrUUl 



OPEN CIRCUIT -^ 



TxC 
RxC 



XTALI 

XTALO 

TxC 
RxC 



• Baud rate determined by XTALI fre- 
quency and 1 of 15 divisors selected in 
CR1 and CR2. CR1 and CR2 must not be 
set to all ones. 

• Channel 1 baud rate may be different 
from channel 2 baud rate. 

• Receiver baud rate must be the same as 
transmitter baud rate. 



A. Both Channels Use Internal Baud Rate Generator 



16 X Tx BAUD RATE 

nruin. 

16 X Rx BAUD RATE 

uuuu 



INTERNAL CLOCK 
OSCILLATOR DISABLED ^ 



B. Both Channels Use External Clocks 





— 


TxC 


> 


RxC 
XTALI 

XTALO 


± 

3 -* 



• Transmitter baud rate 1/16 TxC input 
frequency. 

• Receiver baud rate 1/16 RxC input 
frequency. 

• Channel 1 baud rate Is the same as 
channel 2 baud rate. 

• Receiver baud rate may be different from 
transmitter baud rate. 

• Bits 3-0 of CR1 and CR2 must be set to 
all ones. 



XTALI 



XTALO 



CLOCK INPUT 

umr 



OPEN CIRCUIT ^<- 



16 X Tx BAUD RATE 

iruL- 

16 X Rx BAUD RATE 

iniL- 



RxC 



XTALI 



XTALO 



TxC 



RxC 



Channel 1 baud rate may be different 
from channel 2 baud rate. 

Transmitter baud rate may be different 
from receiver baud rate on channel 
using external clock. 



C. One Channel Uses Internal Baud Rate Generator; 
One Channel Uses External Clocks 



Figure 5. Baud Rate Clock Options 
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C ± 50/0 XTLI 

-^Hn [ 



3.6864 j 1 

IWH2 ' ' 



3 C ± 5«/o XTLO 




R68C552 f 



2pF - 



Tlie series resistance of the crystal must be less than 



Figure 6. 

For example, if Cl = 22 pF for a 3.6864 MHz parallel resonant 
crystal, then 

C = (2 X 22) - 2 = 42 pF (use standard value of 43 pF) 



2x106 



(3.6864x22)2 



304 ohms 



If the on-chip oscillator is driven by an external clock, the clock 
is Input at XTALI and XTALO is left open. 

An internal counter/divider circuit divides the frequency input at 
XTALI by the divisor selected in bits 3 through of the Control 
Registers. Table 5 lists the divisors that may be selected and shows 
the bit rates generated with a 3.6864 MHz crystal or clock input. 
Other bit rates may be generated by changing the clock or crys- 
tal frequency. However, the input frequency must not exceed 
4 MHz. 



For external clock operation, a transmitter times 16 clock must be 
supplied at TxC and a receiver times 16 clock must be input at RxC. 
Since there are separate receiver and transmitter clock inputs, the 
receiver data rate may be different from the transmitter data rate. 



Tabic 5. Baud Rate Generator Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
Internal Counter 


Baud Rate Generated 
With 3.6864 MHz 
Crystal or Clock 


Baud Rate Generated* 

With a Crystal or Clock 

of Frequency (f) 


3 2 10 





73,728 


(3.6864 x10«)/73,728 = 50 


f/73,728 


1 


33,538 


(3.6864 x10^)/33,538 = 109.92 


f/33,538 


10 


27,408 


(3.6864 x10'')/27,408 = 134.58 


f/27,408 


11 


24,576 


(3.6864 x10«)/24,576 = 150 


f/24,576 


10 


12,288 


(3.6864 x10'')/1 2,288 = 300 


f/1 2,288 


10 1 


6,144 


(3.6864 x10«)/6, 144 = 600 


f/6,144 


110 


3,072 


(3.6864 x10«)/3,072 = 1,200 


f/3,072 


111 


2,048 


(3.6864 x10«)/2,048 = 1,800 


f/2,048 


10 


1,536 


(3.6864 x10«)/1 ,536 = 2,400 


f/1 ,536 


10 1 


1,024 


(3.6864 x10«)/1 ,024 = 3,600 


f/1 ,024 


10 10 


768 


(3.6864 x10«)/768 = 4,800 


f/768 


10 11 


512 


(3.6864 x10«)/51 2 = 7,200 


f/512 


110 


384 


(3.6864 x10«)/384 = 9,600 


f/384 


110 1 


192 


(3.6864 x10«)/1 92 = 19,200 


f/1 92 


1110 


96 


(3.6864 x10'')/96 = 38,400 


f/96 


1111 


16 


Transmitter Baud Rate = TxC/16 Receiver Baud Rate = RxC/16 


•Baud Rate = '^"''"""'^'' 
Divisor 
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CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TORE bit in the ISR signals the 
MPU that the DACIA is ready to accept the next data word. An IRQ 
occurs on the transition of the TDR from full to empty if the cor- 
responding TORE IRQ enable bit is set in the lER. The TORE bit 
is set at the beginning of the start bit. When the MPU writes a 



word to the TDR the TDRE bit Is cleared. In order to maintain con- 
tinuous transmission the TDR mu st be loaded before the s top bit(s) 
are ended. 1/16 of a bit time a fter I RQ goes low, the IRQ line may 
be reset by reading the IRS. IRQ will always reset when da ta is 
written to the TDR. Figure 7 shows the relationship between IRQ 
and TxD for the Continuous Data Transmit mode. 



CHAR #n 



CHAR #n + 1 



CHAR #n + 2 



CHAR #n 




\/ 



Bn 


P 


t 


t 


Bo 


B, 



Bn P 



R 



STOP START 



STOP 



PROCESSOR 
INTERRUPT 
(TRANSMIT DATA 
REGISTER EMPTY) 



PROCESSOR 
READS 
ISR. CAUSES 
IRQ TO CLEAR 



PROCESSOR MUST 
LOAD NEW DATA 
IN THIS TIME 
INTERVAL OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 



Figure 7. Continuous Data Transmit 



TRANSMIT UNDERRUN CONDITION 

If the MPU is unable to load the TDR before the last stop bit is sent, 
the TxD line goes to the MARK condition and the underrun flag 



(TUR) is set. This condition persists until the TDR is loaded with 
a new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 




CHAR #n 



CONTINUOUS "MARK" 



CHAR #n + 1 



CHAR #n + 2 



/~ 



TxD 



JT^ 



/- 



Bi 



Bn 



STOP I START 



tl 

STOP 



Bn 



A^ 



I START 



tU 



::En 



STOP START 



IRQ 



PROCESSOR 
INTERRUPT 
FOR DATA 
EMPTY 



UNDERRUN BIT 
SET 



WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
PROCESSOR READS IMMEDIATELY AND INTERRUPT 

ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT 

DATA REGISTER EMPTY 



Figure 8. Transmit Underrun Condition Relationship 
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TRANSMIT BREAK CHARACTER 

A BREAK may be transmitted by setting bit 1 of the ACR (Trans- 
mit Break bit) to a 1. The BREAK is transmitted after the charac- 
ter in the Transmit Shift Register is sent. If there is a character in 
the Transmit Data Register, it will be transmitted after the BREAK 
is terminated. The Transmit Break bit must remain set for at least 



one character time to assure that a proper BREAK is transmitted. 
If the Transmit Break bit is cleared before one character time of 
BREAK has been transmitted, the BREAK will be terminated after 
one character time has elapsed. If the Transmit Break bit is cleared 
after one character time of BREAK has been transmitted, the 
BREAK will be t ermi nated immediately. Figure 9 shows the rela- 
tionship of TxD, IRQ and ACR bit 1 for various BREAK options. 



STOP START 



STOP START 



STOP START 



STOP START 



TXD ~[t] i [5;|i;j^ |B,| p 1 1 1 i \b^ ' [b,[ p 1 1 1 1 ["i;|i;T " T^iTprn ^ ri7N" "]i;Tp 



ACR 
BIT1 



TTTT- 

11,1 

MM- 



J hill 



TORE 
IRQ 



a. Transmit Break bit cleared before BREAK begins— BREAK is ignored 
STOP START STOP STOP START STOP START 



TxD T 


T Bo B, 


Bn 


p \ 


BREAK rt 
III 1 1 1 1 


■ + i; 


i7 




BjP 


T i[i;^ 


^ 




















ACR 
BIT1 


i i 1 


1 1 


II III 

■ • ■ • i 
















TDRE j 
IRQ L 


ill 








1 i 


■ 






n 1 







b. Transmit Break bit cleared during first character time of BREAK— BREAK terminates after one character time 
STOP START STOP STOP START 



rxD IJHJjB^:Mfjn. 



BREAK 



miMEi: 



Bm 



ACR 
BIT1 

TDRE 
IRQ 



c. Transmit Break bit cleared after first character time of BREAK— BREAK terminates immediately 



Figure 9. Transmit BREAK 



EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a "busy" device (such as a printer). When the 
CTS line is low, the transmitter operates normally. A high condi- 
tion inhibits the TDRE bit in the ISR from becoming set. Transmis- 
sion of the word currently in th e shif t register is completed but any 
word in the TDR is held until CTS goes low. 



Any transition on CTS sets bit 5 (CTST) of the ISR. A high on CTS 
forces bit 6 (TDR E) of the ISR to a 0. Bit 7 of the ISR also goes 
to a 1 when CTS is high, if Echo Mode is disabled. Thus, when 
the ISR is $80, it means that CTS is high and no interrupt source 
requires service. A processor interrupt will not be generated under 
these circumstances, but an ISR polling routine should accom- 
modate this. 



CHAR #n + 1 



k: 



CONTINUOUS MARK 



NEXT CHARACTER IS SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
HAS ALREADY LOADED NEW DATA, 
OTHERWISE IT WAITS FOR NEW DATA 



NEXT 

CHARACTER 
IS NOT SENT 
TDRE IS NOT SET 



-iJ- 



MPU 
CLEARS 
IRQ AGAIN 



CTS-- 
IRQ 



t^n 



-ff — 

IMK I 

WHEN PROCESSOR 
FINALLY LOADS 
NEW DATA, 

TRANSMISSION STARTS 
IMMEDIATELY AND 



\ 



CLEAR-TO-SEND 



MPU 

CLEARS 

IRQ 



CTS 
IRQ 



INTERRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 



Figure 10. Effects of CTS on Transmitter 

6-240 



R68C552 



Dual Asynchronous Communications Interface Adapter (DACIA) 



ECHO MODE TIMING 

In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
mal transmit mode if TORE occurs (indicating end of data) an 



underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 
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STOP START 



STOP START 



J 
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Bm P 
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TTl^ 



WW w w \ \ w 
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STOP START 



STOP 




CONTINUOUS MARK 
IF NOT ECHO MODE 



IF ECHO MODE, 
NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 



Figure 11. Echo Mode Timing 



CONTINUOUS DATA RECEIVE 

The normal receive mode sets the RDRF bit in the ISR when the 
DACIA channel has received a full data word. This occurs at about 
the 9/16 point through the stop bit. The processor must read the 



RDR before the next stop bit, or an overrun error occurs. Figure 12 
shows the relationship between IRQ and RxD for the continuous 
Data Receive mode. 
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Figure 12. Continuous Data Receive 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the ISR, 
and the new data word is not transferred to the RDR. The RDR 



contains the last word not read by the IVIPU and all following data 
is lost. The receiver will return to normal operation when the RDR 
is read. Figure 13 shows the relationship of IRQ and RxD when 
overrun occurs. 
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Figure 13. Effects of Overrun on Receiver 



RECEIVE BREAK CHARACTER 

When a Break character is received, the Break bit is set. The 
receiver does not set the RDRF bit and remains in this state until 
a stop bit is received. At this time the next character Is received 



normally. Figure 14 shows the relationship of IRQ and RxD for 
a Receive Break Character. 
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NORMAL 

RECEIVER 
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Figure 1 4. Receive BreaSc Character 
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FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the RDRF bit is set. Sub- 
sequent data words are tested separately, so the status bit always 



reflects the last data word received. Figure 15 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 



STOP STOP START 
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NOTES: 1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 



2. IF NEXT DATA WORD IS OK, 
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FRAMING 
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Figure 15. Framing Error 



PARITY ERROR DETECT/ADDRESS 
FRAME RECOGNITION 

The Parity Status bit (ISR bit 2) may be programmed to indicate 
parity errors (ACR bit = 0) or to display the parity bit received 
(ACR bit = 1). 

In applications where parity checking is used, one of the parity 
checking modes is enabled by setting bits 2, 3 and 4 of the For- 
mat Register to the desired option and bit of the Auxiliary Con- 
trol Register is reset to 0. Then, when the RDRF bit (bit 0) is set 
in the ISR, the PAR bit (bit 2) will be set when a parity error is 
detected. 

In multi-drop applications, the parity bit is used as an address/data 
flag. It is set to 1 for address frames and is on data frames. For 



this type of operation, bit of the ACR is set to a 1 and bits 2, 3 
and 4 of the FR select a parity checking mode. Then, ISR bit 2 will 
be set to a 1 by incoming address frames and it will be a on data 
frames. 



COIViPARE MODE 

The Compare Mode is automatically enabled, i.e., the channel is 
put to sleep, whenever data is written to the Compare Data 
Register. NOTE: Bit 6 of the Control Register must be set to to 
enable access to the Compare Data Register. When the channel 
is in the compare mode, the RDRF bit (bit of the ISR) is forced 
to a 0. Upon receipt of a matching character, normal receiver oper- 
ation resumes and the RDRF bit (bit of the ISR) will be set upon 
receipt of the next character. 
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SPECIFICATIONS 

DACIA READ/WRITE WAVEFORMS 



RS0-RS2 



R/W /////////7 ^ 



-0- 



DS 



CS 



■^ 



® 



D0-D7 



-©- 



-®- 



— ®- 



k©. 



DTACK 



"^- 



^0 



1 <\\\\\\\\\\\\\^ 



-©- 



© 



READ CYCLE- 



-©- 



-©- 



.cmmm 



■®' 



® 



P 



-WRITE CYCLE - 



NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8V AND A HIGH VOLTAGE OF 2 OV, 
UNLESS OTHERWISE NOTED. 



DACIA READ/WRITE CYCLE TIMING 

(Vcc = 5 Vdc ±5%, Vss = Vdc, Ta - Tl to Th, unless otherwise noted) 



Number 


Characteristic 


Symbol 


IMin. 


Typ. 


Max. 


Unit 


1 


R/W, RS0-RS2 Valid to CS Low (Setup) 


Trsu 


5 




- 


ns 


2 


CS Low to R/W, RS0-RS2 Invalid (Hold) 


Trh 


45 




- 


ns 


3 


CS Pulse Width 


TcP 


210 




- 


ns 


4 


CS Low to DTACK Low 


TCTL 


- 




55 


ns 


5 


CS High to DTACK High 


TcTH 







170 


ns 


6 


CS Low to Data Valid (Read) 


TCDV 


- 




170 


ns 


7 


DTACK Low to Data Valid (Read) 


Ttdv 


- 




110 


ns 


8 


CS High to Data Invalid (Read) 


TCDR 


10 




50 


ns 


9 


Data Valid to CS High (Write, Setup) 


"•"dsu 


30 




- 


ns 


10 


CS High to Data Invalid (Write Hold) 


TCDW 


10 




- 


ns 


11 


DS Low to CS Low (Delay for CS 
derived fronn Data Strobe) 


Tdsc 




20 




ns 
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DACIA TRANSMIT/RECEIVER WAVEFORMS 



IRQ 

Cre,DCD,OSR 

CS 

RTC.DTS 



X 



F^® ^ — ^ 

IkD 






-®- 



Nl 



\ 



.® _p^ 



4®k 



NOTE: TIMING MEASURE- 
MENTS ARE REFERENCED 
TO AND FROM A LOW 
VOLTAGE OF 0.8V AND A 
HIGH VOLTAGE OF 2.0V. 
UNLESS OTHERWISE 
NOTED. 



DACIA INTERRUPT ACKNOWLEDGE WAVEFORMS 





/ 


■• (§)- 


— - 




lACK \ 










^@* 




^@_ 






^ /////// 


} 




k\\\\\N 


\\\^ 


\\\\ 






') 


D0-D7 


\ 






/ 


T 




DTACK 


\ 













NOTE: TIMING MEASURE- 
MENTS ARE REFERENCED 
TO AND FROM A LOW 
VOLTAGE OF 0.8V AND A 
HIGH VOLTAGE OF 2.0V, 
UNLESS OTHERWISE 
NOTED. 

NOTE: CSMUST BE HIGH 
DURING lACK CYCLE. 



TRANSMIT/RECEIVE AND INTERRUPT ACKNOWLEDGE TIMING 

(Vcc = 5 Vdc ± 5%, Vss « Vdc, Ta = Tl to Th, unless otherwise noted) 



Number Characteristic 


Symbol 


Min. 


Max. 


Unit 




TRANSIMIT/RECEIVE TIIMING 


12 


Transmit/Receive Clock Rate 


tcY 


300 


- 


ns 


13 


Transmit/Receive Clock High 


tcH 


125 


- 


ns 


14 


Transmit/Receive Clock Low 


tcL 


125 


- 


ns 


15 


TxC. RxC to TxD Propagation Delay 


too 


- 


285 


ns 


16 


TxC. RxC to IRQ Propagation Dejay 


toi 


- 


285 


ns 


17 


CTS, DCD. D§R Valid to IRQ Low 


tcri 


- 


150 


ns 


18 


IRQ Propagation Delay (Clear) 


tiRQ 


- 


150 


ns 


19 


RTS, DTR Propagation Delay 


toLY 


- 


150 


ns 




INTERRUPT ACKNOWLEDGE TIMING 


20 


lACK Low to Data Valid 


tiDV 


- 


170 


ns 


21 


lACK Low to DTACK Low 


tiTL 


- 


62 


ns 


22 


lACK High to DTACK High 


tiTH 


- 


170 


ns 


23 


lACK High to Data Invalid 


tiDZ 


10 


40 


ns 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0.3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto +70 
-40 to +85 


°C 


Storage Temperature 


TSTG 


-55 to +150 


oQ 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


to 70*>C 
-40*>Cto +85°C 



DC CHARACTERISTICS 

(Vcc = 5-0 V ±5%, Vss = 0, Ta = Tl to Th, unless othenvlse noted) 



Parameter 


Symbol 


Min 


lyp 


Max 


unit 


Test Conditions 


Input High Voltage 
Except XTALI 
XTALI 


V,H 


+ 2.0 
+ 3.0 


- 


Vcc + 0.3 
Vcc + 0.3 


V 




Input Low Voltage 
Except XTALI 
XTALI 


V,L 


-0.3 
-0.3 


- 


+ 0.8 
+ 0.4 


V 




Input Leakage Current 
R/W, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, 
TxC, CS, lACK 


l|N 


~ 


10 


50 


mA 


V,N = 0Vto5.0V 
Vcc = 5.25V 


Input Leakage Current for Three-State Off 
D0-D7 


fisi 


— 


±2 


10 


^A 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 
D0-D7, TxD, CLK OUT RTS, DTR 


VOH 


+ 2.4 


__ 


— 


V 


Vcc = 4.75V 
Iload= -lOO/iA 


Output Low Voltage 
D0-D7, TxD, CLK OUT RTS, DTR 


Vol 


— 


— 


+ 0.4 


V 


Vcc = 4.75V 
•load = 1-6 mA 


Output Leakage Current (Off State) 
IRQ, DTACK 


Iqff 


— 


±2 


±10 


,A 


Vcc = 5.25V 
VouT = Oto 2.4V 


Power Dissipation 


Pd 


- 


_ 


10 


m\NIMHz 




Input Capacitance 
Except XTALI 
XTALI 


C|N 


- 




5 
10 


PF 
PF 


Vcc = 5.0V 
V,N - OV 
f = 2 MHz 
Ta = 25-0 


Output Capacitance 


Cqut 


- 




10 


PF 


Note? 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and Ta = 25°a 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



L B 

n 



T' 

r 

HtLc 



i_i c 



!S| 



.-Ik 



V 



40-PIN PLASTIC DIP 



DIM 


MILLIMETERS 


»CHCS 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


5131 


1980 


2.020 


B 


15.11 


15.88 


0.595 


0.625 


c 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


53 


0.015 


0.021 


F 


0.76 


1.27 


030 


050 


G 


2 54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


070 


J 


20 


0.33 


0.008 


013 


K 


2 54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0» 


10» 


0» 


10» 


N 


0.51 


152 


020 


060 



r\r\r\r\f\f\r\r\i^i^rLr\r'rir\r\^f><\n 



T7"T7v wwv uv;vv;vv;v;v;uu»v'^ 



rM 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


5182 


52.32 


2.040 


2.060 


B 


13.46 


13.97 


0.530 


0.550 


C 


3 56 


508 


0.140 


0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


100 BSC 1 


H 


1.65 


216 


065 


0085 


J 


0.20 


0.30 


0.008 


0.012 


K 


330 


4.32 


0.130 


170 


L 


15.24 BSC 


0.600 BSC 1 


M 


7» 


10O 


7» 


10» 


N 


0.51 


1.02 


020 


0.040 



44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 





SEATING PLANE 



SIDE VIEW 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


414 


4.39 


0.163 


0.173 


A1 


1.37 


1 47 


0.054 


0.058 


A2 


2.31 


246 


0.091 


0.097 


b 


0.457 TYP 


0.018 TYP 1 





17 45 


17.60 


687 


693 


D1 


16.46 


16 56 


0648 


0.652 


D2 


12.62 


12 78 


497 


0.503 


D3 


15.75 REF 


620 REF 




1.27 BSC 


0.050 BSC 




1 15 TYP 


045 TYP 




0.25 TYP 


010 TYP 




45»TYP 


45° TYP 




89 TYP 


035 TYP 


R1 


25 TYP 


0.010 TYP 



SECTION A-A 
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 



CHAM. 11 I 

h X 45« PER SIDE 

3 PLCS EQUALLY 

SPACES 



ejector pin marks 

4 plcs bottom of 

package only 

(typk:al) 



BOTTOM VIEW 
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DESCRIPTION 

The R68560, R68561 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications cliannel to 
a 68008/68000 microcomputer-based system using either asyn- 
chronous or synchronous protocol. High speed bit rate, auto- 
matic formatting, low overhead programming, eight character 
buffering, two channel DMA interface and three separate inter- 
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008/68000 processing capabilities and 
asynchronous bus structure. 

In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 

Control, status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data received or to be transmitted 
and to maximize bus throughput, especially during DMA oper- 
ation. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selecta- 
ble prescalers and 16-bit programmable divisor, provides a data 
bit rate of DC to 4 MHz. 

The 48-pin R68561 supports word-length (16-bit) operation when 
connected to the 68000 16-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 8-bit bus. 
The 40-pin R68560 supports byte-length operation on the 68008 
bus. 



FEATURES 

Full duplex synchronous/asynchronous receiver and transmitter 
Implements IBM Binary Synchronous Communications (BSC) 
in two coding formats: ASCII and EBCDIC 
Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28k, ISO IS1745, ECMA-16, etc. 
Supports synchronous bit oriented protocols (BOP), such as 
SDLC, HDLC, X.25, etc. 
Asynchronous and isochronous modes 
Modem handshake interface 
High speed serial data rate (DC to 4 MHz) 
Internal oscillator and baud rate generator with programma- 
ble data rate 

Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

Direct interface to 68008/68000 asynchronous bus 
Eight-character receiver and transmitter buffer registers 
22 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 
Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial interface 
Maskable interrupt conditions for receiver, transmitter and 
serial interface 

Programmable microprocessor bus data transfer; polled, inter- 
rupt and two-channel DMA transfer compatible with 
MC68440/MC68450 

Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

Selectable full/half duplex, autoecho and local loop-back 
modes 

Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41, VRC/LRC) 

ORDERING INFORMATION 



Part Number 

R6856 



Frequency 

4 MHz 



Temperature Range 

0°C to 70°C 



-Package: = Ceramic 
P = Plastic 

- Number of pins: = 40 
1 = 48 
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NOTES: 

1. R68560 ONLY. 

2. R68561 ONLY. 

3. UDS ON R68561 AO ON R68560 

4. LDS ON R68561 DS ON R68560 




Figure 1. MPCC Block Diagram 



PIN DESCRIPTION 

Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independently of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active^low signals are denoted by a superscript bar. For 
example, RA^ indicates write is active low and read is active 
high. 

Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 



A1>A4— Address Lines. A1-A4 are active high inputs used in 
conjunction with the OS input to access the internal registers. 
The address map for these registers is shown in Table 1. 



D0~D15— Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. D0-D15 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. D0-D7 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operatingjn the MPCC byte mode. Tne data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 
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CS— Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive In non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 

R/W— Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 



UDS— Upper Data Strobe (R68561). When interfacing to a 
1 6-bit data bus system such as the 68000, a low on control bus 
signal UD S ena bles access to the upper data byte on D8-D15. 
A high on UDS disables acce ss to D8-D15. Data is latched and 
enabled in conjunction with LDS. 

IRQ— Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. IRQ Is driven high after assertion 
prior to being tri-stated. 



DTACK— Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bu s cycle. During 
read or Interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 
write cycl es it is a sserted after data has been accepted at the 
data bus. DTACK is driven high after assertion p rior to b eing 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. 



DS— Data Strobe (R68560). During a write (R/W low), the 
DS positive transition latches data on data^bus lines D0-D7 
into the MPCC. During a read (RA/V high), DS low enables data 
from the MPCC to data bus lines D0-D7. 



lACK— Interrupt Acknowledge. The active low lACK input 
indicates that the c urrent bus cycle is an interrupt acknowledge 
cycle. When lACK is asserted the MPCC places an interrupt 
vector on the lower byte (D0-D7) of the data bus. 



TDSR— Transmitter Data Servi ce Req uest. When Trans- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. 



RDSR— Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 



LDS— Lower Data Strobe (R68561). During a write (R/W low), 
the positive transiti on lat ches data on the data bus lines D0-D7 
(and_on D8 -D15 if UDS is low) into the MPCC. During a read 
(R/W high), LDS l ow en ables data from the MPCC to D0-D7 
(and to D8-D15 if UDS is low). 



AD— Address Line AO (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = defines an even register 
and AO = 1 defines an odd register. See Table 1b. 



DACK— DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 

DIG- Data Transfer Complete. On a 68000 bus, the DTC low 
input indicat es tha t a DMA data tr ansfer w as completed with no 
bus conflicts. DTC in response to a RDSR indicates that the data 
h as bee n successfully stored In memory. DTC In response to 
a TDSR indicates that the data is present on the data bus for 
strobing into the MPCC. If not used, this input should be con- 
nected to ground. 
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Figure 2. MPCC Input and Output Signals 
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DONE — Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
c haracte r of a frame (block) is being transferred in response to 
a RD SR. Th e DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO. 



RESET— Reset. RESET is an active low, high i mpedance 
input that initializes all MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 

DTR— Data Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR). 

RTS— Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 

CTS— Clear to Send. The CTS active low input positive transi- 
tion and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 

DSR— Data Set Ready. The DSR active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 



DCD— Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 

TxD— Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of TxC. 

RxD— Received Data. The MPCC receives serial data on the RxD 
input. The RxD input is shifted into the receiver with the nega- 
tive going edge of RxC. 

TxC— Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC's internal baud 
rate generator 

RxC— Receiver Clock. RxC provides the MPCC receiver with 
received data timing information. 

EXTAL— Crystal/External Clock Input. 
XTAL Crystal Return. EXTAL and XTAL connect a 20 kHz to 
8.064 MHz parallel resonant external crystal to the MPCC inter- 
nal oscillator (see CLOCK OSCILLATOR). The pin EXTAL may 
also be used as a TTL level input to supply DC to 8 MHz ref- 
erence timing from an external clock source. XTAL must be tied 
to ground when applying an external clock to the EXTAL input. 

BCLK— Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need for 
additional crystals. 

Vcc— Power. 5V ±5%. 

GND— Ground. Ground (Vgs)- 
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MPCC REGISTERS 

Twenty-two registers control and monitor tiie MPCC operation. 
The registers and their addresses are identified In Table 1a 
(R68561 operation In word mode) and in Table 1 b (R68560 oper- 
ation In byte mode). When the R68561 Is operated in the word 
mode, two registers are read or written at a time starting at an 
even boundary. When the R68560 is operated in the byte mode, 
each register is explicitly addressed based on AO. 



Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results In a read 
from a "null register." A null register returns all ones for data 
and results in a normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 



Table 1a. R68561 Accessible Registers (Word Mode) 



Register(s) 


R/W 


Addr 
(Hex.) 


Address Lines 
A4 A3 A2 A1 



15- 



- (Odd Registers) - 



- (Even Registers) - 



Receiver Control Register (RCR) 


Receiver Status Register (RSR) 


R/W 


00 





Receiver Data Register (RDR)— 16 bitsi 




R 


02 


1 


Receiver Interrupt Enable Register (RIER) 


Receiver Interrupt Vector Number Register (RIVNR) 


R/W 


04 


10 



Transmitter Control Register (TCR) 


Transmitter Status Register (TSR) 


R/W 


08 


10 


Transmitter Data Register (TDR)— 16 bits2 




W 


OA 


10 1 


Transmitter Interrupt Enable Register (TIER) 


Transmitter Interrupt Vector Number Register (TIVNR) 


R/W 


OC 


110 



Serial interface Control Register (SICR) 


Serial Interface Status Register (SISR) 


R/W 


10 


10 


Reserved^ 


Reserved^ 


R/W 


12 


10 1 


Serial Interrupt Enable Register (SIER) 


Serial Interrupt Vector Number Register (SIVNR) 


R/W 


14 


10 10 



Protocol Select Register 2 (PSR2) 


Protocol Select Register (PSR1) 


R/W 


18 


110 


Address Register 2 (AR2) 


Address Register 1 (AR1) 


R/W 


1A 


110 1 


Baud Rate Divider Register 2 (BRDR2) 


Baud Rate Divider Register 1 (BRDR1) 


R/W 


1C 


1110 


Error Control Register (ECR) 


Clock Control Register (CCR) 


R/W 


IE 


1111 



Notes: 

1 . Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first word. 

2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first word. 

3. Resen/ed registers may contain random bit values. 



CLOCK OSCILLATOR 

An on-chip oscillator is designed for a parallel resonant crystal 
connected between XTLI and XTLO pins. The equivalent oscil- 
lator circuit is shown In the figure below. 



Ci ± 50/0 EXTAL 



8.064 




— C2±5% XTAL 



12 pF 



R68561 



33 pF ^ 



A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 



Ci = 2Cl - 12 pF 
C2 = 2Cl - 33 pF 
2x10^ 

R. / Rs.ax = -^^ 

where: F is in MHz; C and Cl are in pF; R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer's catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 

For example, if Cl = 20 pF for an 8.064 MHz parallel resonant 
crystal, then 

Ci = 40 - 12 = 28 pF (Use standard value of 27 pF.) 

C2 = 40 - 33 = 7 pF (Use standard value of 6.8 pF.) 

Note: Cx = Total Shunt Capacitance including that due to 
board layout. 

The series resistance of the crystal must be less than 
2x106 



(8.064x20)2 



77 ohms 
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Table 1b. R68560 Accessible Registers (Byte Mode) 






Regi8ter(8) 


R/W 


Addr 
(Hex.) 


A4 


Address Lines 
A3 A2 A1 


AO 



Receiver Status Register (RSR) 


R/W 


00 





Receiver Control Register (RCR) 


R/W 


01 


1 


Receiver Data Register (RDR)— 8 bits^ 


R 


02 


10 


Reserved^ 




03 


11 


Receiver Interrupt Vector Number Register (RIVNR) 


R/W 


04 


10 


Receiver interrupt Enable Register (RIER) 


R/W 


05 


10 1 



Transmitter Status Register (TSR) 


R/W 


08 














Transmitter Control Register (TCR) 


R/W 


09 











1 


Transmitter Data Register (TDR)2— 8 bits 


W 


OA 








1 





Reserved^ 




OB 








1 


1 


Transmitter Interrupt Vector Number Register (TIVNR) 


R/W 


OC 





1 








Transmitter Interrupt Enable Register (TIER) 


R/W 


OD 





1 





1 



Serial Interface Status Register (SISR) 


R/W 


10 


10 


Serial Interface Control Register (SICR) 


R/W 


11 


10 1 


Reserved^ 




12 


1 10 


Reserved^ 




13 


10 11 


Serial Interrupt Vector Number Register (SIVNR) 


R/W 


14 


10 10 


Serial Interrupt Enable Register (SIER) 


R/W 


15 


10 10 1 




Protocol Select Register 1 (PSRI) 


R/W 


18 


110 


Protocol Select Register 2 (PSR2) 


R/W 


19 


110 1 


/Sddress Register 1 (ARI) 


R/W 


1A 


110 10 


Address Register 2 (AR2) 


R/W 


IB 


110 11 


Baud Rate Divider Register 1 (BRDRI) 


R/W 


1C 


1110 


Baud Rate Divider Register 2 (BRDR2) 


R/W 


1D 


1110 1 


Clock Control Register (CCR) 


R/W 


IE 


11110 


Error Control Register (ECR) 


R/W 


IF 


11111 



Notes: 

1 . Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 

2. Accessible register of the eight byte TxFIFQ The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 

3. Reserved registers may contain random bit values. 
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Table 2. 


MPCC Register Bit Assignments 




R/W 
Access 


Bit Number 


Resetd) 
Value 


7 


6 


5 


4 


3 


2 


1 





R/W 


RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 


00 


R/W 





RDSREN 


DONEEN 


RSYNEN 


STRSYN 





RABTEN 


RRES 


01 


R 


RECEIVER DATA (RxFIF0)2 


— 


R/W 


RECEIVER INTERRUPT VECTOR NUMBER (RIVN) 


OF 


R/W 


RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 





00 



Receiver Status 
Register (RSR) 

Receiver Control 
Register (RCR) 

Receiver Data 
Register (RDR) 

Receiver Interrupt Vector 
Number Register (RIVNR) 

Receiver Interrupt Enable 
Register (RIER) 



R/W 


TDRA 


TFC 











TUNRN 


TFERR 





80 


R/W 


TEN 


TDSREN 


TICS 


THW 


TLAST 


TSYN 


TABT 


TRES 


01 


W 


TRANSMITTER DATA (TxFIF0)2 


-- 


R/W 


TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) 


OF 


R/W 


TDRA 
IE 


TFC 
IE 











TUNRN 
IE 


TFERR 
IE 





00 



Transmitter Status 
Register (TSR) 

Transmitter Control 
Register (TCR) 

Transmitter Data 
Register (TDR) 

Transmitter Interrupt Vector 
Number Register (TIVNR) 

Transmitter Interrupt Enable 
Register (TIER) 



R/W 


CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 








00 


R/W 


RTSLVL 


DTRLVL 











ECHO 


TEST 





00 




RANDOM BIT VALUES 






RANDOM BIT VAI UES 




R/W 


SERIAL INTERRUPT VECTOR NUMBER (SIVN) 


OF 


R/W 


CTS 
IE 


DSR 
IE 


DCD 
IE 

















00 



Serial Interface Status 
Register (SISR) 

Serial Interface Control 
Register (SICR) 

(reserved) 
(reserved) 

Serial Interrupt Vector 
Number Register (SIVNR) 

Serial Interrupt Enable 
Register (SIER) 



R/W 




















CTLEX 


ADDEX 


00 


R/W 


WD/BYT 


STOP BIT SEL 


CHAR LEN SEL 


PROTOCOL SEL 


00 


SB2 


SB1 


CL2 1 CL1 


PS3 


PS2 1 PS1 


R/W 


BOP ADDRESS/BSC & COP PAD 


00 


R/W 


BOP ADDRESS/BSC & COP SYN 


00 


R/W 


BAUD RATE DIVIDER (LSH) 


01 


R/W 


BAUD RATE DIVIDER (MSH) 


00 


R/W 











PSCDIV 


TCLKO 


RCLKIN 


CLK DIV 


00 


CK2 1 CK1 


R/W 


PAREN 


ODDPAR 








CFCRC 


CRCPRE 


CRC SEL 


04 


CR2 1 CR1 



Protocol Select 
Register 1 (PSR1) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (AR1) 

Address Register 2 (AR2) 

Baud Rate Divider 
Register 1 (BRDR1) 

Baud Rate Divider 
Register 2 (BRDR2) 

Clock Control 
Register (OCR) 

Error Control 
Register (ECR) 



Notes: 

1. RESET = Register contents upon power up or RESET. 

2. 16-bits for R68561 (word mode); 8-blts for R68560 (byte mode). 
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REGISTER DEFINITIONS 

RECEIVER REGISTERS 
Receiver Status Register (RSR) 



7 


6 


5 


4 


3 


2 


1 





RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 



Address » 00 



Reset Value = $00 



The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into r espectiv e positions, by writing a 1 into the RCR 
RRES bit or by RESET. If an EOF, C/PERR, or FRERR is set 
in the RSR, the data reflecting the error (the next byte or word 
In the RxFIFO) must be read pri or to resetting the correspond- 
ing status bit In the RSR. The IRQ output is asserted If any 
of the conditions reported by the status bits occur and the cor- 
responding interrupt enable bit in the RIER is set. 

The RSR format Is the same as the frame status format (see 
below) except as noted. 

RSR 
7 RDA —Receiver Data Available. (RSR only). 

The FxFIFO Is empty (i.e., no received data Is 
available). 

1 RDA is set and an interrupt issued (if enabled) when 
the RxFIFO has 1 to 8 bytes, or 1 to 4 words, of data 
in it. 

RDA Reset — RDA cannot be cleared or reset in software. It 
is initialized to upon hardware reset and remains if no data 
has been received. It is set to a 1 and an interrupt issued when 
a data byte/word is loaded to the RxFIFO with the negative edge 
of RxC coincident with the first bit of the next byte trans- 
mitted. It is automatically reset to when the last byte/word is 
read from the RxFIFO by the host through RDR. 



RSR 
6 EOF 



—End of Frame. (BOP and BSC) 



No end of frame has been detected. 

1 The closing flag (BOP) or pad (BSC) has been 
detected. EOF is loaded In the RxFIFO along with the 
FSB with which it is associated. The EOF is loaded into 
the RSR and the interrupt issued, if enabled, (when 
the RxFIFO read poi nter i s positioned at the FSB) with 
the trailing edge of LDS. 

EOF Reset — The byte/word containing the FSB must be read 
from the RxFIFO before resetting the EOF bit. Then EOF may 
be reset by writing a 1 to RSR6. 



RSR 
5 RHW 



—Receive Half Word. (Frame Status only)* 

The last word of the frame contains data on the upper 
half (D8-D15) and frame status on the lower half 
(D0-D7) of the data bus. 

1 The lower half of the data bus (D0-D7) contains the 
frame status but the upper half (D8-D15) is blank or 
invalid. 

*See Frame Status (RSR) on next page. 



RSR 
4 C/PERR — CRC/Parity Error. 

No CRC or parity error detected. 

1 CRC error detected (BOP, BSC) or parity error 
detected (ASYNC, ISOC and COP). The C/PERR bit 
Is loaded into the RxFIFO with the negative-going RxC 
edge, along with the byte or word with which it is 
associated. For ASYNC, ISOCH or COP protocols, this 
is with the byte/word containing a parity error. For BOP 
or BSC, it is loaded to RxFIFO (after the CRC check) 
with the FSB. C/PERR is loaded into the RSR and the 
interrupt issued (when the read point er is positioned 
at the FSB) with the trailing edge of LDS. 

C/PERR Reset — The byte/word containing the FSB must be 
read from the RxFIFO before resetting the C/PERR bit. Then 
it may be reset by writing a 1 to RSR4. 



RSR 
3 



1 



FRERR —Frame Error. 

No frame error detected. 

FRERR is set for receiver overrun, flag detected off 
boundary (BOP), or frame error (ASYNC, ISOCH). For 
receiver overrun, the FRERR bit is set in the RxFIFO 
with the last byte when the overrun is detected. 

For BOP, a minimum message size Is an opening flag, 
one address byte and one control byte. If the closing 
flag is detected before the control byte is sent, a short 
frame is indicated and a frame error results. For 
address extension, multi-address bytes may be 
received before the control byte is expected. The 
FRERR bit is latched in RxFIFO with the negative-going 
edge of RxC with the last address byte received upon 
detection of the flag off boundary. FRERR is loaded 
into the RSR and the interrupt issued when the read 
po inter is positioned at the FSB with the trailing edge 
of LDS. 

In ASYNC or ISOCH, a FRERR bit set indicates that 
the stop bit was detected off boundary (too early or too 
late for the number of bits expected by the setting of 
PSR2-3 and PSR2-4) or it was not the correct width 
(as expected by the setting of PSR2-6 and PSR2-5). 

FRERR Reset — The byte/word containing the FSB must be 
read from the RxFIFO before resetting the C/PERR bit. The 
C/PERR bit may then be reset by writing a 1 to RSR3. 

RSR 
2 ROVRN —Receiver Overrun. 

No receiver overrun detected. 

1 Receiver overrun detected. Data is loaded into the 
RxFIFO on byte boundaries with the negative-going 
edge of RxC coincident with the first bit of the subse- 
quent data being received. When the eighth byte, or 
fourth word, of data has been written into RxFIFO 
without any data being read out, the RxFIFO is full and 
the incremented write pointer "catches up" with the 
read pointer. The next attempt to write data to RxFIFO 
causes ROVRN bit to be loaded to the RSR and the 
interrupt issued (if enabled). The data in the RxFIFO 
Is not affected, but new received data is lost. 

ROVRN Reset — The ROVRN bit is not self-clearing when data 
is read from the RxFIFO, but may be reset by writing a 1 to RSR2. 
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RSR 
1 



1 



RA/B —Receiver Abort/Break. 

Normal Operation. 

(BOP) When an ABORT (seven 1s) is detected after 
the opening flag, the RA/B bit is set in the RSR and 
an interrupt issued (if enabled). This bit is latched with 
the negative edge of RxC after the seventh 1 bit is 
detected. (NOTE: Because the previous byte can end 
in zero to five 1 bits, the abort could be recognized in 
the next byte as early as two to seven 1 bits.) 

(BSC) When ENQ is detected in a block of text data, 
the RA/B bit is set in the RSR and the interrupt issued 
(if enabled) with the next negative edge of the RxC 
clocl<. 



RA/B Reset — The RA/B bit is reset by writing a 1 to RSR1 . 

RSR 
RIDLE —Receiver idle. (BOP only). 

Receiver is not idle. 

1 15 or more Is have been detected. The RIDLE bit is 
set in RSR with the negative edge of the next RxC after 
15 consecutive Is have been detected. 

RIDLE Reset — The RIDLE is reset by writing a 1 to RSRO. 
(NOTE: The RIDLE bit will set again in 15 cloclc cycles if RxD 
is still in the idle condition.) 



* Frame Status (RSR) 



7 


6 


5 4 


3 


2 


1 








EOF 


RHW C/PERR 


FRERR 


ROVRN 


RA/B 






For the BSC and BOP protocols which have defined message 
blocks or frames, a "frame status" byte will be loaded into the 
RxFIFO following the last data byte of each block. The frame 
status contains all the status contained within the RSR with the 
exception of RDA and RIDLE. But, in addition to the RSR con- 



tents, the frame status byte has a RHW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 

If the MPCC is in word mode and the last data byte was on an 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in order to force the "frame 
status" byte and the next frame to be on an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower half of the data bus. If 
RHW s 1 , the lower half of the bus contains status but the upper 
half is a blank or invalid byte. 

In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 

In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 

Receiver Control Register (RCR) 



7 


6 


5 


4 


3 


2 


1 





- 


RDSREN 


DONEEN 


RSYNEN 


STRSYN 





RABEN 


RRES 



Address = 01 



Reset value » $01 



The Receiver Control Register (RCR) selects receiver control 
options. 



—Not used. 



RCR 

7 

RCR 
6 RDSREN —Receiver Data Service Request Enable. 

Disable receiver DMA mode. 

1 Enable receiver DMA mode. 



WORD 



ODD NUMBER OF BYTES 

D15 08 07 00 



EVEN NUMBER OF BYTES 



WORO 
MOOE 



N 


OATA 


STATUS 


N + 1 


NEXT 


FRAME 



BYTE 07 



(RHW = 0) 



OO 



WORO 


015 08 


07 OO 


N 


OATA 


OATA 


N + 1 


BLANK 


STATUS 


N + 2 


NEXT 


FRAME 



BYTE 



07 



(RHW = 1) 



OO 



BYTE 
MOOE 



M 


OATA 


M + 1 


STATUS 


M + 2 


NEXT FRAME 



M 


OATA 


M + 1 


STATUS 


M + 2 


NEXT FRAME 



Figure 3. BSC/BOP Block/Frame Status Location 
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RCR 

5 DONEEN —DON E Output Enable. 

Disabl e DONE output. 

1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., RDSREN = 1). 



Receiver Interrupt Vector Number Register (RIVNR) 



6 



Receiver Interrupt Vector Number (RIVN) 



Address = 04 



Reset value = $0F 



RCR 
4 RSYNEN — RSYNEN Output Enable. Selects the 
DSR signal input or the R SYN SYNC 
sig nal ou tput on the DSR pin. 

Input DSR on DSK 

1 Output RSYN on DSR. 

RCR 
3 STRSYN —Strip SYN Character (COP only). 

Do not strip SYN character. 

1 Strip SYN character. 



RCR 
2 



RCR 
1 


1 



MUST BE ZERO 



RABTEN —Receiver Abort Enable (BOP only). 

Do not abort frame upon error detection. 

Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 

the RSR) or CFCRC error detection (C/PERR bit = 1 

in the RSR). If either error occurs, the MPCC ignores 

the remainder of the current frame and searches for 

the beginning of the next frame. (EOF is set upon 

abort). 



RRES —Receiver Reset Command. 

Enable normal receiver operation. 
Reset receiver. Resets the receiver section including 
the Rx FIFO an d the RSR (but not the RCR). RRES is 
set by RESET or by writing a 1 into this bit and must 
be cleared by writing a into this bit. RRES requires 
clearing after RESET. 



Receiver Data Register (RDR) 
R68561 (Word Mode) 



RCR 



1 



15|l4 |13 |l2 11 |lO 


9{8 7 6{5{43{2|l0 


MSB Byte 1 


LSB MSB ByteO LSB 


Address = 02 
R68560 (Byte Mode) 


7 1 6 1 5 


1 4 1 3 I 2 1 1 1 


MSB 


Byte LSB 



If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enabl e bits in the 
RIER) and the corresponding bit is set in the RIER, IRQ output 
is ass erted to request MPU receiver interrupt service. When the 
lACK input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 
Register (RIVNR) is placed on the data bus. 

Receiver Interrupt Enable Register (RIER) 



7 


6 


5 


4 


3 


2 


1 





RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 





Address 


= 05 








Reset value = 


= $00 



The Receiver Interrupt Enable Register (RIER) contains Inter- 
rupt enable b its fo r the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 



RIER 
7 RDA IE 



—Receiver Data Available Interrupt 
Enable. 

Disable RDA Interrupt. 
Enable RDA Interrupt. 



Address = 02 



RIER 

6 EOF IE —End of Frame Interrupt Enable. 

Disable EOF Interrupt. 

1 Enable EOF Interrupt. 



5 —Not used. 

RIER 

4 C/PERR IE — CRC/Parity Error Interrupt Enable. 

Disable C/PERR Interrupt. 

1 Enable C/PERR Interrupt. 

RIER 

3 FRERR IE —Frame Error Interrupt Enable. 

Disable FRERR Interrupt. 

1 Enable FRERR Interrupt. 

RIER 

2 ROVRN IE —Receiver Overrun Interrupt Enable. 

Disable ROVRN Interrupt. 

1 Enable ROVRN Interrupt. 




The receiver has an 8-byte (or 4-word) First In First Out (FIFO) 
register file (RxFIFO) where received data are stored before 
being transferred to the bus. The received data is transferred 
out of the RxFIFO via the RDR in 8-bit bytes or 16-bit words de- 
pending on the WD/BYT bit setting in PSR2. When the RxFIFO 
has a data byte/word ready to be transferred, the RDA status 
bit in the RSR is set to 1 . 



RIER 

1 RA/B IE —Receiver Abort/Break Interrupt Enable. 

Disable RA/B Interrupt. 

1 Enable R/VB Interrupt. 



RIER 




-Not used. 
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TRANSMITTER REGISTERS 



Transmitter Status Register (TSR) 



7 


6 


5 


4 


3 


2 


1 





TDRA 


TFC 











TUNRN 


TFERR 






Address = 08 



Reset value = $80 



The Transmitter Status Register (TSR) contains tlie transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their res pective positi ons, by writing 
a 1 Into the TCR TRES bit, or by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 
and the corresponding interrupt enable bit in the TIER is set. 

TSR 
7 TDRA —Transmitter Data Register Available. 

The TxFIFO is full. 

1 The TxFIFO is available to be loaded via the TDR 
(1 to 8 bytes, or 1 to 4 words). 

TDRA Reset — TDRA cannot be reset by the host in normal 
operation. It initializes to a 1 upon hardware or software reset 
of the MPCC. TDRA is not dependent on the serial clock. 

TSR 

6 TFC —Transmitted Frame Complete. (BOP, BSC 

and COP only). 

(All) Frame not complete. 

1 (BOP) Closing flag or ABORT has been transmitted. 
The TFC bit is set and the interrupt issued (if enabled) 
with the negative edge of TxC coincident with the end 
of the last bit of the flag. When TABT is set in TCR1 , 
an ABORT is transmitted immediately but TFC is not 
issued until after the closing flag or 8 bits of the MARK 
idle condition after the TxFIFO is flushed of ail current 
data bytes. 

(BSC) Trailing pad has been transmitted. TFC bit set 
and/or interrupt issued with negative edge of TxC coin- 
cident with the end of the last bit of the trailing pad. 

(COP) Last byte has been transmitted (TLAST set in 
TCR3). TFC bit set and/or interrupt issued with nega- 
tive edge of the TxC coincident with the end of the last 
bit of the last byte. 

TFC Reset — One full cycle of the serial clock (TxC) must elapse 
before the TFC bit can be reset by writing a 1 to TSR6. 



TSR 
5-3 

TSR 
2 TUNRN 



—Not used. 



Transmitter Underrun (BOP, BSC and 
COP only). 

No TxFIFO underrun has occurred. 

1 An empty TxFIFO was accessed for data. 
(BOP) Underrun is treated as an ABORT in that eight 
consecutive 1s are transmitted followed by the idle 
condition of MARK or FLAG. 

(BSC, COP) Underrun causes SYN characters to be 
transmitted until new data is available in the TxFIFO. 



The TUNRN bit is set in TSR2 and the interrupt issued 
with the positive edge of the TxC coincident with the 
eighth bit of data prior to the ABORT in BOP or to SYN 
in BSC or COP. 

TUNRN Reset — One full cycle of the serial clock (txC) must 
elapse before the TUNRN bit can be reset by writing a 1 to TSR2. 

TSR 
1 TFERR —Transmit Frame Error (BOP only). 

No frame error has occurred. 

1 A short frame condition exists in that no control field 
is transmitted. (TLAST was issued early with an 
address byte.) TFERR bit is set and the interrupt issued 
with the positive edge of TxC coincident with the end 
of the last bit of the byte causing the error. 

TFERR Reset — One full cycle of the serial clock (TxC) 
must elapse before TFERR bit can be reset by writing 
a 1 toTSRL 



Transmitter Control Register (TCR) 








7 


6 


5 


4 


3 


2 


1 





TEN 


TDSREN 


TICS 


THW 


TLAST 


TSYN 


TABT 


TRES 



Address = 09 



Reset value = $01 



The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 

TCR 
7 TEN —Transmitter Enable. 

Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 

1 Enable transmitter. 

TCR 
6 TDSREN —Transmitter Data Service Request 
Enable. 

Disable transmitter DMA mode. 

1 Enable transmitter DMA mode. 



TCR 
5 



TICS —Transmitter Idle Character Select. Selects 

the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
Mark Idle (TxD output is held high). 
Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 



TCR 
4 THW 



—Transmit Half Word. (R68561 , word mode 
only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be in byte mode (R68560). 

Transmit full word (16 bits) from the TxFIFO. 

Transmit upper byte (8 bits) from the TxFIFO. 
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TCR 
3 TLAST 



TCR 
2 


1 



TCR 

1 


1 



-Transmit Last Character (BOP, BSC and 
COP only). 
The next character is not the last character in a frame 
or block. 

The next character to be written into the TDR is the 
last character of the message. The TLAST bit auto- 
matically returns to a when the associated word/byte 
is written to the TxFIFO. If the trans mitter D MA mode 
is enabled, TLAST is set to a 1 by DONE from the 
DMAC. In this case the character written into the TDR 
in the current cycle is the last character. 



TSYN —Transmit SYN (BSC and COP only) 

Do not transmit SYN characters. 
Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a when the SYN character 
is loaded into the Transmitter Shift Register. 



TABT —Transmit ABORT (BOP only). 

Enable normal transmitter operation. 
Causes an abort by sending eight consecutive 1 's. A 
data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 



Transmitter interrupt Vector Number Register (TIVNR) 



TCR 
U TRES 



-Transmitter Reset Command. 



Enable normal transmitter operation. 

1 Reset transmitter. Clears the transmitter section 
including the TxFIFO and the TSR (but not the TCR). 
The Tx D outpu t is held in "Mark" condition. TRES is 
set by RESET or by writing a 1 into this bit and is 
cleared b y writing a into this bit. TRES requires clear- 
ing after RESET. 

Transmit Data Register (TDR) 
R68561 (Word Mode) 



15|l4 13|l2 11 |lO 


9 8 7 1 6 


5 4 3 2 10 


MSB Byte 1 


LSB 1 MSB 


Byte LSB 


Address = OA 
R68560 (Byte Mode) 


7 1 6 1 5 


1 4 3 


2 10 


MSB 


Byte 


LSB 



Address = OA 

The transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSRis set to 1 when the TxFIFO is ready to accept another 
data word/byte. 



7 


6 1 5 1 4 1 3 1 2 1 1 





Transmitter Interrupt Vector Number (TIVN) 



Address = GO 



Reset value = $0F 



If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the IRQ 
output is a sserte d to request MPU transmitter interrupt service. 
When the lACK input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 

Transmitter interrupt Enable Register (TIER) 



7 


6 


5 


4 


3 


2 


1 





TDRA 
IE 


TFC 
IE 











TUNRN 
IE 


TFERR 
IE 


— 


Address = 


OD 








Reset value 


= $00 



The Transmitter Interrupt Enable Register (TIER) contains 
interrupt ena ble b its for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 

TIER 
7 TDRA IE —Transmitter Data Register (TDR) Avail- 
able Interrupt Enable. 

Disable TDRA interrupt. 

1 Enable TDRA Interrupt. 



TIER 
6 TFC IE 



TIER 
5-3 



-Transmit Frame Complete (TFC) Interrupt 
Enable. 

Disable TFC Interrupt. 
Enable TFC Interrupt. 



-Not used. 



TIER 
2 TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 

Disable TUNRN Interrupt. 

1 Enable TUNRN Interrupt. 

TIER 
1 TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 

Disable TFERR Interrupt. 

1 Enable TFERR Interrupt. 

TIER 
—Not used. 

SERIAL INTERFACE REGISTERS 
Serial Interface Status Register (SISR) 




7 


6 


5 


4 


3 


2 


1 





CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 









Address = 10 



Reset value = $00 
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The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) ar e cleare d by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding Interrupt enable bit in the SIER is set. 



7 CTST —Cl ear to Send Transition Status. 

The input o n GTS has not transitioned positive. 

1 The input on GTS has transitioned posit ive fr om active 
to inactive. To detect this transition, RTS must be 
active (low) and the transmitter must be enabled 
(TRES in TGRO = 0). The GTST bit is set in SISR7 and 
an Interrupt issued (if enabled) with the negative edge 
of TxG. 

GTST Reset — A ne gativ e transition of the serial clock (TxG) 
must occur after the GTS input goes high before the GTST bit 
can be reset by writing a 1 to SISR7. 

SiSR 
6 DSRT —Da ta Se t Ready Transition Status. 

The input on DSR has not transitioned negative. 

1 The input on DSR has transitioned negative from 
inactive to active. The DSRT bit is set in SISR7 and 
an interrupt issued (if enabled) with the negative edge 
of RxG. The receiver must be enabled (RRES in 
RCRO = 0). 

DSRT Reset — A ne gative transition of the serial clock (RxG) 
must occur after the DSR input goes high before the DSRT 
bit can be reset by writing a 1 to SISR6. 

SISR 
5 DCDT —Da ta Ca rrier Detect Transition Status. 

The input o n DGD has not transitioned positive. 

1 The input on DGD has transitioned positive from active 
to inactive. The DGDT bit is set in SISR5 and an inter- 
rupt issued (if enabled) with the negative edge of RxG. 
The receiver must be enabled (RRES in RGRO = 0). 

DGDT Reset — A n egativ e transition of the serial clock (RxG) 
must occur after the DGD input goes high before the DGDT bit 
can be reset by writing a 1 to SISR5. 

SISR 
4 CTSLVL -Clear to Send Level. 

The input on GTS is negated (high, inactive). 

1 The input on GTS is asserted (low, active). 

GRSLVL Reset — The GTSLVL bit in SISR4 follows the state 
of the input to GTS and cannot be reset internally. 

SISR 
3 DSRLVL —Da ta Se t Ready Level. 

The input on DSR is negated (high. Inactive). 

1 The input on DSR is asserted (low, active), 

DSRLVL Reset — The DSRLVL bit in SISR3 follows the state 
of the input to DSR and cannot be reset internally. 



SISR 
2 DCDLVL —Da ta Ca rrier Detect Level. 

The input on DGD is negated (high, inactive). 

1 The input on DGD is asserted (low, active). 

DGDLVL Reset — The DGDLVL bit In SISR2 follows the state 
of the input to DGD and cannot be reset Internally. 



SISR 
1-0 



—Not used. 



Serial Interface Control Register (SICR) 



7 


6 


5 


4 


3 


2 


1 





RTSLVL 


DTRLVL 











ECHO 


TEST 






Address = 11 



Reset value = $00 



The Serial Interface Control Register (SIGR) controls various 
serial interface signals and test functions. 

SICR 
7 RTSLVL —Request to Send Level. 

Negat e RTS output (high). 

1 Assert RTS output (low). 

NOTE 

In BOP, BSG, or GOP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or blo ck has been transmitted. In ASYNG or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the trans mitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 

SICR 

6 DTRLVL —Da ta Terminal Ready Level. 

Negat e DTR output (high). 

1 Assert DTR output (low). 



— Not use d. These bits are initialized to by 
RESET and must not be set to 1 . 



ECHO —Echo IVIode Enable. 

Disable Echo mode (enable normal operation). 
Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 



SICR 
1 


1 



SICR 




TEST —Self-test Enable. 

Disable self-test (enable normal operation). 
Enable self-test. The transmitted data (TxD) and clock 
(TxG) are routed back through t o the r eceiv er thro ugh 
RxD and RxG, respectively (DGD and GTS are 
ignored). This "loopback" self-test may be used for 
ail protocols. RxG is external and GGR bits 2 and 3 
must be a 1 . 



MUST BE ZERO 
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Serial Interrupt Vector Number Register (SIVNR) 



7 


6 1 5 1 4 1 3 1 2 1 1 


1 


Serial Interrupt Vector Number (SIVN) 



Address = 14 



Reset value = $0F 



If a serial interface interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in th e SIER) and the corresponding bit in the SIER is set, the 
IRQ output is ass erted t o request MPU serial interface interrupt 
service. When the lACK input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNR) is placed on the data bus. 



Serial Interrupt Enable Register (SIER) 








7 


6 


5 


4 


3 


2 


1 





CTS 
IE 


DSR 
IE 


DCD 
IE 


















Address = 15 



Reset value = $00 



The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Int erfac e Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 



SIER 

7 



CTS IE —Clear to Send (CTS) Interrupt Enable. 

Disable CTS Interrupt. 

1 Enable CTS Interrupt. 



SIER 
6 



DSR IE —Data Set Ready (DSR) Interrupt Enable. 

Disable DSR Interrupt. 

1 Enable DSR Interrupt. 



SIER 
5 


1 



SIER 
4-0 



DCD IE 



Data Carrier 
Enable. 

Disable DCD Interrupt. 
Enable DCD Interrupt. 



-Not used. 



Detect (DCD) Interrupt 



GLOBAL REGISTERS 

The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 



Protocol Select Register 


1 (PSR1) 






7 


6 


5 


4 


3 


2 


1 























CTLEX 


ADDEX 



Address = 18 



Reset value = $00 



Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 



PSR1 
7-2 



—Not used. 



PSR1 

1 CTLEX -Control Field Extend (BOP only). 

Select 8-bit control field. 

1 Select 16-bit control field. 



PSR1 




1 



ADDEX -Address Extend (BOP only). 

Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
Enable address extension. When bit in the address 
byte is a the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all O's (null address). 



Protocol Select Register 2 (PSR2) 




7 


6 I 5 


4 I 3 


2 I 1 1 


WD/BYT 


STOP BIT SEL 


CHAR LEN SEL 


PROTOCOL SEL 


SB2 1 SB1 


CL2 1 CL1 


PS3 PS2 1 PS1 



Address = 19 



Reset value = $00 



Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 

PSR2 
7 WD/BYT —Data Bus Word/Byte Mode. 

Select byte mode. Selects the number of data bits to 
be transferred from the RxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the T xFIFO an d the registers. The MPCC is initial- 
ized by RESET to the byte mode. 

1 Select word mode. For operation with the 1 6-bit bus, 
select the word mode by sending $80 on D7-D0 to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 




PSR2 
6-5 STOP BIT SEL 



—Number of Stop Bits Select. 

Selects the number of stop bits 
transmitted at the end of the data 
bits in ASYNC and ISOC modes. 





5 


No. of Stop Bits 


6 




SB2 


SB1 


ASYNC ISOC 








1 1 





1 


1-1/2 2 


1 





2 2 
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PSR2 

4-3 CHAR LEN SEL —Character Length Select. Selects 
the character length except In BOP 
and BSC where the character length 
is always eight bits. Parity Is not 
Included in the character length. 



Baud Rate Divider Register 1 (BRDR1) 




7{6{5{4 3|2|l 





BAUD RATE DIVIDER (LSH) 



Address = 1C 



Reset value = $01 



4 


3 






CL2 


CL1 


Character Length 










5 bits 





1 




6 bits 


1 







7 bits 


1 


1 




8 bits 


PSR2 








2-0 PROTOCOL SEL - 


-Protocol Select. Selects protocol 






and defines the protocol dependent 






control bits. 




2 


1 







PS3 


PS2 


PS1 


Protocol 











BOP (Primary) 








1 


BOP (Secondary) 





1 





Reserved 





1 


1 


COP 


1 








BSC EBCDIC 


1 





1 


BSC ASCII 


1 


1 





ASYNC 


1 


1 


1 


ISOC 



Address Register 1 (AR1) Address 



7 1 


6 


1 5 1 4 1 3 1 


^ 


1 





BOP ADDRESS/BSC & COP PAD 


Address = 1A 

Address Register 2 (AR2) 


Reset value 


= $00 


7 


6 


1 5 1 4 1 3 1 


2 I 


1 1 





BSC & COP SYN 



Address = 1B 



Reset value == $00 



The protocol selected In PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of AR1 is 
used for address matching. In BSC and COP, AR1 and AR2 con- 
tain programmable leading PAD and programmable SYN 
characters, respectively. 



Address Register (AR) Contents 



Protocol Selected 


AR1 


AR2 


BOP (Primary) 
BOP (Secondary) 
BSC EBCDIC 
BSC ASCII 
COP 


X 

Address 
Leading PAD 
Leading PAD 
Leading PAD 


X 

X 

SYN 

SYN 

SYN 


*X = Not used 



Baud Rate Divider Register 2 (BRDR2) 




7|6|5|4|3|2|l 





BAUD RATE DIVIDER (MSH) 



Address = 1D 



Reset value » $00 



The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (In the OCR) and Baud Rate Divider values 
shown In Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 

The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 



BRD 



Crystal Frequency 



where: 



(Prescaler Divider) (Baud Rate) (K) 

1 for isochronous or synchronous 

2 for asynchronous 



Clock Control Register (CCR) 



7 


6 


5 


4 


3 


2 


1 











PSCDIV 


TCLKO 


RCLKIN 


CLK DIV 


CK2 1 CK1 



Address » 1E 

The CCR selects various clock options. 



Reset value = $00 



CCR 




7-5 


—Not used. 


CCR 




4 


PSCDIV —Prescaler Divider. The Prescaler Divider 




network reduces the external/oscillator fre- 




quency to a value for use by the Internal 




Baud Rate Generator. 





Divide by 2. 


1 


Divide by 3. 



CCR 
3 TCLKO —Transmitter Clock Output Select. 

Select TxC to be an input. 

1 Select TxC to be an output. (1X clock) 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) 






Desired 
Baud Rate 


Prescaler Divider 


Baud Rate Divider 


Asynchronous 


Isochronous and Synchronous 


Decimal 


PSCDIV 


Decimal 


Hexadecimal Value 


Decimal 


Hexadecimal Value 


BRDR2 


BRDR1 


BRDR2 


BRDR1 


(Bit Rate) 


Value 


(0 to 1) 


Value 


(MSH) 


(LSH) 


Value 


(MSH) 


(LSH) 


50 


3 


1 


26,880 


69 


00 


53,760 


D2 


00 


75 


2 





26.880 


69 


00 


53,760 


D2 


00 


110 


3 


1 


12,218 


2F 


BA 


24,436 


5F 


74 


135 


2 





14,933 


3A 


55 


29,866 


74 


AA 


150 


3 


1 


8,960 


23 


00 


17,920 


46 


00 


300 


2 





6,720 


1A 


40 


13,440 


34 


80 


1200 


3 


1 


1,120 


04 


60 


2.240 


08 


CO 


1800 


2 





1,120 


04 


60 


2,240 


08 


CO 


2400 


2 





840 


03 


48 


1,680 


06 


90 


3600 


2 





560 


02 


30 


1,120 


04 


60 


4800 


3 


1 


280 


01 


18 


560 


02 


30 


7200 


2 





280 


01 


18 


560 


02 


30 


9600 


3 


1 


140 


00 


8C 


280 


01 


18 


19200 


3 


1 


70 


00 


46 


140 


00 


8C 


38400 


3 


1 


35 


00 


23 


70 


00 


46 



CCR 
2 RCLKIN —Receiver Clock Internal Select (ASYNC 
only). 

Select External RxC. 

1 Select Internal RxC. 



CCR 
1-0 CLK DIV —External Receiver Clock Divider. Selects 

the divider of the external RxC to determine 

the receiver data rate. 



CK2 CK1 



Divider 





1 

1 

1 1 



1 (ISOC) 
16] 

32 j. (ASYNC) 
64j only 



Error Control Register (ECR) 



7 


6 


5 


4 


3 


2 


1 1 


PAREN 


ODDPAR 


— 


— 


CFCRC 


CRCPRE 


CRCSEL 


CR2 CR1 



Address = IF 



Reset value = $04 



The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 



ECR 
7 PAREN 



-Parity Enable. (ASYNC, ISOC and COP 
only). 
Disable parity generation/checking. 
Enable parity generation/checking. 



ECR 
6 ODDPAR 




1 

ECR 
5-4 

ECR 
3 


1 



—Odd/Even Parity Select (Effective only 
when PAREN = 1). 
Generate/check even parity. 
Generate/check odd parity. 



—Not used. 

CFCRC —Control Field CRC Enable. (BOP Only) 

Disable control field CRC. 

Enables an intermediate CRC remainder to be 
appended after the address/control field in transmitted 
BOP frames and checked in received frames. The CRC 
generator is reset after control field CRC calculation. 

ECR 
2 CRCPRE —CRC Generator Preset Select. 
(BOP, BSC Only) 

Preset CRC Generator to 0. (For BSC) 

1 Preset CRC Generator to 1 and transmit the 1 's com- 
plement of the resulting remainder. (For BOP) 

ECR 
1-0 CRCSEL 




1 
CR2 




1 




CR1 



1 





—CRC Polynomial Select. Selects one of the 
RC polynominals. 

Polynominal 

Xi6 + xi2 + x5 + l (CCITT V.41) (BOP) 
Xi6 + xi5 + x2 + 1 (CRC-16) (BSC) 
x8+1 (VRC/LRC)* (BSC, 

ASCII, non-transparent) 
Not used. 



1 

*VRC: Odd-parity check is performed on each 
character including the LRC character. 
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INPUT/OUTPUT FUNCTIONS 

MPU INTERFACE 

Transfer of data between the MPCC and the system bus involves 
the following signals: 



R68561 



R68560 



Address Lines 


A1-A4 


A0-A4 


Data Lines 


D0-D15 


D0-D7 


Read/Write 


R/W 


R/W 


Data Transfer Acknowledge 


DTACK 


DTACK 


Chip Select 


CS 


CS 


Data Strobes 


UDS and LDS 


DS 



Figures 10 and 11 show typical interface connections. 

Read/Write Operation 

The RAA/ input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
I/O buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 

When the R68561 is connected to the 16-bit bus for operation 
in the word mode (WD/BYT = 1 in the PSR2), address lines 
A1-A4 select the internal register(s) (the 8-bit control/status 
registers are accesed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits o f reg ister 
data are placed on the d ata bus when the data strobes (LDS and 
UDS) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (D0-D7) and UDS 
strobes the eight data bits from the odd numbered registers to 
the upper data bus li nes (D8- -D15). The MPCC asserts Data 
Transfer Acknowledge (DTACK) prior to placing data on the data 
bus. Conversely, when the MPCC is selected (CS low) during 
a write (RA/V low) LDS and UDS strobe data from the D0-D7 
and D8-D15 data bus lines into the addressed even and odd num - 
bered r egisters, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS is negated. Figures 12 and 13 
show the read and write timing relationships. 

When the R68560 Is connected to the 8-bit bus for operation in 
the byte mode (WD/BYT = in the PSR2), address lines A0-A4 
select one Internal 8-bit register. When the MPCC is selected (CS 
low) during a read (R/W high), eight bits of register data are placed 
on data bus lines D0-D7 whenjthe data strobe (DS) is asserted. 
When the MPCC is selected (CS low) for a write (R/W low), DS 
strobes data from the D0-D7 data lines into the selected register. 

DMA INTERFACE 

The MPCC is capable of providing DMA data transfers at up to 
2 Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and 5 bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 

The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the trans- 
mitter and receiver data are implicitly addressed (TDR or RDR) 
therefore addressing of the data register is not required before 
data may be transferred. Communication between the MPCC 



and the DMAC is accomplished by a two-signal request/ 
acknowledge hand shake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine tjie two DMA 
acknowledge signals. The MPCC uses the R/W in put to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 

Receiver DMA Mode 

The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period (BOP and BSC) to initiate the MPCC t o memory DMA trans- 
fer. For asynchronous operation, RDSR is asserted for 2-3 
peri ods of t he system clock depending on prescale fact or. The 
next RDSR cycle may be initiated as soo n as the current RDSR 
cycle is completed (i.e., a full sequence of DACK, DS, and DTC). 



In response to RDSR assertion, the DMAC sets the RA/V line to 
write, asserts the memory address, address strobe, and DMA 
acknowledge. The MPCC outputs data from the RxFIFO to the 
data bus and the DMAC a sserts th e data strobes. The memory 
latches the data and asserts DTACK to complete the data transfer. 
The DMAC asserts DTC to indicate to the MPCC that data transfer 
is complete. Figure 14 shows the timing relationships for the 
receiver DMA mode. 



RDSR is inhibited when either RDSRE N is rese t to or RRES 
is set to 1 (both in the RCR), or when RESET is asserted. 

Transmitter DMA Mode 

The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When th e TxFIFO is available. Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transfer. For asyn- 
chronous operation, TDSR is asse rted fo r a period of one-half 
the transmitter baud rat e. The next TDSR cycle may be initiated 
as soon as the current TDSR cycle is completed. 

In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That IS, when the transfer is from memor y to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA acknowledge. The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will rem ain va lid until the data strobes 
are negated. The DMAC asserts DTC to indicate to the MPCC 
that data is available. The MPCCJoads the data into the TxFIFO 
on the negation (rising edge) of DS and the transfer is complete. 
When a TxFIFO underrun occurs, the TUNRN bit is set in TSR2, 
the interrupt is issued, and the ABORT sequence is entered (eight 
consecutive Is are transmitted). The next word/byte in TxFIFO 
clears the ABORT bit and the idle mode is entered. When a trans- 
mission is aborted. It is expected that the interrupt will allow the 
host system to decide the next course of action; probably to reset 
the DMAC and retransmit the message. A timing diagram for the 
transmitter DMA Mode is shown in Figure 15. 



TDSR is inhibited when either TDSREN i s reset t o or TRES 
is set to 1 (both in the TCR), or when RESET is asserted. 
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DONE Signal 

When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has be en transferred. 
In the receiver DMA mode of operation, DONE is issued by the 
MPCC on an MPCC-to-memory transfer when the last byte/word 
is being transferred from the RxFIFO to the data bus (if DONEEN 
bit is set in RCR5). In the byte mode, this is the Frame Status 
Byte (FSB). In the word mode, this is the last data byte and FSB 
(for an odd number of data byte transfers) or FSB and blank (for 
an even number of data byte transfers). 



DONE is asserted as a result of the FSB being transferred and 
not as a result of the error conditions. The EOF, C/PERR and 
FRERR are addendum bits in the RxFIFO which are written to 
FIFO when they occur and follow the data through the FIFO. 
The frame is aborted upon overrun or error detection if RCR1 = 1 . 



CAUTION 



DONE is reasserted with each occurrence of DACK 
until EOF is cleared In the RSR. 



INTERRUPTS 

If an interrupt generating status occurs and the interr upt is 
enabled, the MPCC asserts the IRQ output. Upon receiving lACK 
for the pending interrupt request, the M PCC plac es an interrupt 
vector on D0-D7 data bus and asserts DTACK. 

The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVN), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has priority over the transmitter 
interrupt, and the transmitter interrupt has priority over the 
serial interface interrupt. For example. If a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) 
is placed on D0-D7 when acknowledged by the MPU. Upon com- 
pletion of the first inte rrupt request cycle (which clears the 
receiver interru pt), IR Q will remain low to start the transmitter 
interrupt cycle. IRQ is negated by clearing all bits set in a 
status register that could have caused the Interrupt. 



CAUTION 

A higher priority interrupt occuring while lACK is low during 
transfer of a lower priority interrupt vector to the MPU will 
cause the lower priority interrupt vector on the data bus 
to be invalid If there are any 1 's in the higher priority inter- 
rupt vector in the same bit poositions as any O's in the 
lower priority interrupt vector. To prevent this problem from 
occuring, ensure that the higher priority interrupt vectors 
contain 1 's only in bit positions where there are 1 's in the 
lower priority interrupt vectors, e.g.: 





Vector Value 


Vector Value 


Vector 


(Hex) 


(Binary) 


Receiver Interrupt 


44 


01000100 


Vector Number 






(RIVN) 




Transmitter Interrupt 


4C 


01001100 


Vector Number 
(TIVN) 






Serial Interrupt 


5C 


01011100 


Vector Number 






(SIVN) 







A timing diagram for the interrupt acknowledge sequence Is 
shown In Figure 16. 

SERIAL INTERFACE 

The MPCC Is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to a 4 MHz.. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 

RTS (Request to Send) Output 

The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR inn conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1 , the RTS output is asserted. 
When the RTSLVL bit is reset to (no soon er tha n one full cycle 
of TxC after transmission has started), the RTS output remains 
asserted until the TxFIFO becomes empty, or the end of the 
message (or frame), complete with CRC code (if a ny), c losing 
flag, and one full cycle of idle has been transmitted. RTS also is 
negated whe n the R TSLVL bit is reset during transmitter idle, 
or when the RESET input is asserted. 

CTS (Clear to Send) Input 

The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to receive data. The 
CTST bit in the SISR reflects the transition status of the CTS 
input while the CTSLVL bit in the SISR reflects the current level. 
A positive transition on the C TS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission of each frame. 

DCD (Data Carrier Detect) Input 

The DCD Input signal is normally gnerated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulatio n. The DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit in the SISR c on- 
tains the c urren t level. A positive transition on the DCD pin 
asserts t he IR Q output if the DCD IE bit in the SIER is set. A 
negated DCD input disables the start of the receiver but does 
not stop the operation of an incoming message already in 
progress. 
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DSR (Data Set Ready) Input/RSYN Output 

The DSRT input from the DCE indicates the status of the local 
set. The DSRT bit in the SISR contains the transition status of 
the DSR input while the DSRLVL bit in t he S ISR reports the 
current level. A negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 

The DSR pin is used as an output for RSYN when enabled by 
a 1 in RSR4 (RSYNEN = 1). DSR output low indicates detection 
of a SYN (non-transparent) in BSC or COP protocols or DLE- 
SYN pair (transparent) in BSC protocol. It is asserted as a 
negative-gomg pulse one-bit time after the end of the SYN byte 
and lasts for one full serial clock cycle before being reset. 

In BOP protocol, RSYN is asserted as a result of address match 
at the beginning of a frame. It is asserted one bit time after the 
end of the address byte(s) if an address match is made, and 
lasts for one full serial clock cycle. 

DTR (Data Terminal Ready) Output 

The DTR output is general purpose in na ture and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCKLO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided exernally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 

TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded in NRZ data 
format. The first byte of a message transmitted out of the R68561 
MPCC is the even byte of the 68000 bus (D8-D15). It is trans- 
mitted least significant bit (LSB) first. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the RxC. 

RxD (Received Data) input 

The serial data received by the MPCC is in NRZ data format. 
The first byte received in the MPCC RXFIFO is output to the 
68000 bus on (D8-D15). 



For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 17. 
RS-232 and RS-423 (covering serial data interface up to 
lOOKbaud) require that data be centered ±25% about the 
negative-going edge of the RxC. This criteria is met for fre- 
quencies up to 1 .25 MHz using the inverter. Use of the inverter 
also allows MPCC to MPCC operation up to 2.17 MHz. 



SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS IVIODES 

Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1 , 1 V2 , or 2 stop bits. The data charac- 
ter IS transmitted with the least significant bit (LSB) first. The data 
line IS normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) IS used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 

Asynchronous Receive 

In the asynchronous (ASYNC) mode, data reception on RxD 
occurs in three phases: (1) detection of the start bit and bit 
synchronization, (2) character assembly and optional parity check, 
and (3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When RCLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate estab- 
lishes the data bit midpoint and maintains bit synchronization. 
The character assembly process does not start if the start bit is 
less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors 
occurred. They are passed on to the RxFIFO and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 

Isoctironous Receive 

In the isochronous (ISOC) mode, a times 1 clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satis- 
fied by the detection of a high-to-low transition on the serial data 
input line. Error detection and status indication are the same as 
the asynchronous mode. 



Serial Interface Timing 

The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous oper- 
ation. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two MPCCs connected as shown in Figure 17. 



Asynchronous and Isochronous Transmit 

In asynchronous and isochronous transmit modes, output data 
transmission on TxD begins with the start bit. This is followed 
by the data character which is transmitted LSB first. If parity gener- 
ation is enabled, the parity bit is transmitted after the MSB of the 
character. Each frame is terminated with 1, IV2 or 2 stop bits as 
selected by PSR2 bits 5 and 6. 
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ASYNCHRONOUS FRAME FORMAT 

I T" 

I I 
L i.. 



DATA 



START LBS 






I 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



l-T-r 

1 I 1 

I l^L 

STOP 

(1, IV2, 0R2BITS) 



ISOCHRONOUS FRAME FORMAT 



CLK 



"LrLnJijuirLrLrLTL 



DATA 



I 

I 



START 



LBS 






1 r — 

I I 

J^. L 1 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



I I 

I L. 



STOP 

(1 OR 2 BITS) 



Figure 4. Asynchronous and Isochronous Frame Format 



SYNCHRONOUS MODES 

In synchronous modes, a times one clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 

BIT ORIENTED PROTOCOLS (BOP) 

In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a closing 
flag. A frame may also contain an information field. (See Figure 5). 

The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 



address field can be extended by setting the ADDEX bit to a 1 
in PSR1. In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit 0. The first byte 
of the address field is automatically checked when the MPCC Is 
programmed to be a secondary station in BOP. An automatic 
check for global (1 1 1 1 1 1 1 1) or null (00000000) address is also 
made. The control field of one or two bytes is transparent to the 
MPCC and sent directly to the host without interpretation. 

The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X^^ + xi2 
+ X5 + 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all Is, and the Is 
complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 




FLAG 


ADDRESS 


CONTROL 


INFORMATION 


FCS 


FLAG 


01111110 


1 ORN 


1 OR 


N BYTES 


2 BYTES 


01111110 




BYTES 


2 BYTES 


(OPTIONAL) 







Figure 5. Bit Oriented Protocol (BOP) Frame Format 
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Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A is inserted 
by the transmitter after every fifth consecutive 1 in the data 
stream. These inserted zeros are removed by the receiver to 
restore the data to its original form. The inserted zeros are not 
included in the CRC calculation. 

The end of the frame is determined by the detection of the closing 
Flag special character which is the same is the opening Flag. 

With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 

BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection oif a Flag. The receiver 
also continues to search for additional Flag, or Abort, charac- 
ters on a bit-by-bit basis. Zero deletion is implemented in the 
Receiver Shift Register after the Flag detection logic and before 
the CRC circuitry. The receiver recognizes the shared flag (the 
closing flag for one frame serves as the opening flag for the next 
frame) and the shared zero (the ending of a closing flag serves 
as the beginning of an opening flag forming the pattern 
"011111101111110." 

Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes ail the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked at 
the close of a frame and the C/PERR bit m the RSR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 

If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven Is) is detected, the 
remaining frame is discarded and the RA/B bit is set in the RSR. 
When a link idle (15 or more consecutive Is) is detected, the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted from the data stream before characters are assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of the first byte. If there is no 
address match, or if null address is received, the receiver ignores 
the remainder of the frame by searching for the Flag. If there 
is a match, the address bytes are transferred to the RxFIFO as 
they are assembled. 



For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended con- 
trol field bit. 

If the CFCRC bit in the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 



BOP Transmitter Operation 

In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = in the TCR). When the trans- 
mitter is enabled (TEN = 1 in the TCR), the leading Flag is auto- 
matically sent prior to transmitting data from the TxFIFO. The 
TDRA bit is set to 1 in the TSR as long as TxFIFO is not full. 
If an underrun occurs, the TUNRN bit in the TSR is set to a 1 
and an Abort (1 1 1 1 1 1 1 1) is transmitted followed by continuous 
Flags or marks until a new sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TD SREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 

A message may be terminated at any time by setting the TABT 
bit in the TCR to 1 . This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. 

The serial data from the Transmitter Shift Register is continu- 
ously monitored for five consecutive Is, and a is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort characters). 

CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is trans- 
mitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 



IBM SDLC FRAME FORMAT 












FLAG 
01111110 


ADDRESS 
1 BYTE 


CONTROL 
1 BYTE 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 


HDLC FRAME FORMAT 


FLAG 
01111110 


ADDRESS 
N BYTES 


CONTROL 

1 OR 

2 BYTES 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 



Figure 6. Bit Oriented Protocols 
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LEADING PAD 
1 BYTE 
(AR1) 


SYN 
1 BYTE 
(AR2) 


SYN 
1 BYTE 
(AR2) 


BODY 


BCC 


TRAILING 

PAD 

11111111 



Figure 7. BBC Block Format 



BISYNC (BSC) 

The structure of messages utilizing the IBIVI Binary Synchronous 
Confimunications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting 
the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 



Table 4. 



BSC Control Sequences— Inclusion 
in ORG Accumulation 



ASCII 


EBCDIC 




Bytel 


Byte 2 




Byte 1 


Byte 2 


SYN 

SOH 

STX 

ETB 

ETX 

ENQ 

DLE 

ITB 

EOT 

ACKN* 

NAK 

WACK 

RVI 


16* 

01 

02 

17 

03 

05 

10 

IF 

04 

10 

15 

10 

10 


30-37 

3B 
3C 


SYN 

SOH 

STX 

EOB (ETB) 

ETX 

ENQ 

DLE 

ITB 

EOT 

ACKO 

ACK1 

NAK 

WACK 

RVI 


32* 

01 

02 

26 

03 

2D 

10 

1F 

37 

10 

10 

3D 

10 

10 


70 
61 

6B 
7C 


Note: •Programmable 



A heading is a block of data starting with an SOH and contain- 
ing one or more characters that are used for message control 
(e.g., message identification, routing, and priority). The SOH initi- 
ates the biock-check-character (BCC) accumulation, but is not 
included in the accumulation. The heading is terminated by STX 
when it is part of a block containing both heading and text. A 
block containing only a heading is terminated with an ITB or an 



ETB followed by the BCC. Only the first SOH or STX in a trans- 
mission block following a line turnaround causes the BCC to 
reset. All succeeding STX or SOH characters are included in 
the BCC. This permits the entire transmission (excluding the first 
SOH or STX) to be block-checked. 

The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block indicates a normal end of trans- 
mission. Message blocking without line turnaround can be 
accomplished by using ITB (see the Additional Data Link Capa- 
bilities section, IBM GA 27-3004-2). 

Two modes of data transfers are used in BSC. in non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a 
data link escape (DLE) character to differentiate it from the text 
data. Table 5 indicates which control characters are excluded 
in the CRC generation. All characters not shown in the table are 
included in the CRC generation. Figure 8 shows various formats 
for Control/Response Blocks and Heading and Text Blocks. 



Table 5. 



Transparent Mode BSC Control Sequences ~ 
Inclusion in CRC Accumulation 



Character of Sequence 




Yes 


No 


TSYN 
TSOH 
TSTX* 
TETB 
TETX 
TDLE 


ETB 
ETX 
(DLE)DLE 


DLESYN 

DLESOH 

DLESTX 

DLE 

DLE 

DLE(DLE) 


*lf not preceded within the same block by transparent heading 
information. 
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CONTROL/RESPONSE BLOCKS: 



LEADING 
PAD 


SYN 


SYN 


EOT 


FOLLOW- 
ING PAD 


SYN 


SYN 


1 1 
ADDRESS 


ENQ 


FOLLOW- 
ING PAD 



POLLING OR SELECTION 



LEADING 
PAD 


SYN 


SYN 


1 
ACKO 


FOLLOW- 
ING PAD 


POSITIVE ACKNOWLEDGEMENT 




LEADING 
PAD 


SYN 


SYN 


NAK 


FOLLOW- 
ING PAD 





NEGATIVE ACKNOWLEDGEMENT 



HEADING AND TEXT BLOCKS: 

RESET BCC — H*^ 



-INCLUDED IN BCC - 



LEADING 
PAD 



HEADING 



22 

HEADING ONLY 

-INCLUDED IN BCC 



FOLLOW- 
ING PAD 



II 

HEADING 



_2^ 



TEXT 



(INCLUDED IN BCC» 



LEADINd 
PAD 



SOH 



STX 



SYN 



SYN 



TEXT 



-Ih- 



ETX 



FOLLOW- 
ING PAD 



RESET BCC - 



INCLUDED 
HN BCC** 



NONTRANSPARENT HEADING AND TEXT 

— INCLUDED IN BCC* 

-Ih- 



LEADING 
PAD 



FOLLOW- 
ING PAD 



TRANSPARENT TEXT 



*DLE EXCLUDED FROM BCC CALCULATION 



Figure 8. BSC Message Format Examples 
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BSC Receiver Operation 

Character length defaults to eight bits In BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that 
VRC/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the RxFIFO. The RDA sta- 
tus bit in the RSR is set to 1 each time data is transferred to 
the RxFIFO. The SYN character pairs in non-transparent mode 
and DLE-SYN pairs in transparent mode are discarded. 

The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If a CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
If no error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC accumulation and character assem- 
bly starts again on the first character following the BCC. 

BSC Transmitter Operation 

BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are 
programmable and stored in AR1(PAD) and AR2(SYN). The first 
SOH or STX Initiates the block-check-character (BCC) accumu- 
lation. An initial SOH or STX is not included in the BCC accumu- 
lation. Should an underrun condition occur, the content of AR2 
(normally SYN character) is transmitted until new characters 
become available. The message is terminated by the transmis- 
sion of the BCC followed by a closing pad when an ETB, ITB, 
or ETX is fetched from the TxFIFO. The closing PAD is gener- 
ated by the MPCC. 

In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN charac- 
ters will be transmitted until new characters are available in the 
TxFIFO. ETB, ETX, ITB, or ENQ with a TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters. DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode. BCC generation is 
not used for messages beginning with characters other than 
SOH, STX, DLE-SOH, or DLE-STX. On all message types, if the 
TSYN bit is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the TxFIFO. 



CHARACTER ORIENTED PROTOCOLS 

The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character 
synchronization. These SYN characters are discarded after 
detection. The PAD and SYN characters may be 5-8 bits long 
and are user programmable as stored in AR1 and AR2, 
respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message 
will be discarded and will not be passed on to the RxFIFO. If 
STRSYN is reset, SYNs detected within the message will be 
treated as data. 



DiVIA CONSIDERATIONS 

When the R68561 , in the word mode, is used with a DMAC, high 
throughput of bit-oriented protocols is achieved. However, prob- 
lems can arise when trying to DMA byte-oriented data in the word 
mode. 



BOP and BSC have well-defined message boundaries and the 
MPCC can detect the end of message, determine if there is an 
odd (single) byte at the end of a message, and so inform the 
host MPU by setting the Received Half Word (RHW) bit in the 
Frame Status byte. 

In byte-oriented protocols (such as ASYNC and COP) there is 
no defined message length. In the word mode, received bytes 
are grouped in pairs. In the byte mode, each byte Is available 
through the RxFIFO as it is received. Thus, the MPCC in the 
word mode has no way of knowing when an odd (single) byte 
has been received at an end of a transmission to be passed onto 
the host MPU. In the word mode received bytes are grouped 
in pairs. In the byte mode each byte is available through the FIFO 
as it is received. 

For transmission of data by the MPCC in the word mode, the 
MPCC provides a Transmit Half Word (THW) bit in the Trans- 
mit Control Register. When set, this bit informs the MPCC that 
the l ast wo rd in the TxFIFO (marked by setting the TLAST bit 
with DONE) contains only the upper byte as valid data. However, 
the currently available DMACs have no method to inform the 
MPCC that the last word of the message contains a single byte 
and MPU Intervention is necessary. 

To handle byte-oriented protocols with DMAC, an R68561 In the 
byte mode or the R68560 (byte mode only) should be used. 




LEADING PAD 


SYN 


SYN 


5-8 BITS 


5-8 BITS 


5-8 BITS 


(AR1) 


(AR2) 


(AR2) 



MESSAGE 

5-8 BIT CHARACTERS ' 



Figure 9. Character Oriented Protocol Format 
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Figure 10. Typical Interface to 68000-Based System 



r\3 

CO 




31 
00 

en 
p 

o> 

00 
01 
0> 



■0 

o 
o 
o 

o 
o 

3 

3 



o 
o 

3 

w 

O 

o 

3 



O 

55" 



■0 
o 
o 



Figure 11. Typical Interface to 68008-Based System 
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SOURCE 



MPU 



MPU 
BUS 



MPU 



MPU 



MPCC 



MPCC 



A1-A4 
AQi 



CS 



LPS/PS 
UDS2 



R/W 



DTACK 



DO-015 



^. 



^. 



\^-<3> 



mm 



f 



^^ 



~®~ 



*-0H 



is^: 



.r 



c 



DATA OUT 



NOTES: 

1. BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

4. SEE ADDITIONAL NOTES ON PAGE 32. 



Figure 12. MPCC Read Cycle Timing 



SOURCE 



MPU 



MPU 
BUS 



MPU 



MPU 



MPCC 



MPU 



A1-A4 
AO^ 



CS 



LDS/DS 
UDS2 



R/W 



DTACK 



D0-D15 



< 



■^. 



^. 



:^. 



-(i>-H 



-<ij>- 



imzL 



J 



c 



DATA IN 






NOTES: 

1. BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

4. SEE ADDITIONAL NOTES ON PAGE 32. 



Figure 13. MPCC Write Cycle Timing 
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SOURCE 



INTERNAL _ 
RECEIVER 
CLOCK 
(BAUD RATE) 



\ 



y 



MPCC RDSR 



DMAC PACK 



LDS/DS 
DMAC UDS/AO^ 



MPCC D0-D15 



DMAC R/W 



MPCC DONE 



DMAC DTC 



\ 



-®- 



X 



^\\\\\\\\\N . 



® 



"V 



"V 



y- 



f 



-e0*J 



^}- 



^ 



^= r 



NOTES: 

1 . TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 

3. SEE ADDITIONAL NOTES ON PAGE 32. 



Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 
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/ 
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NOTES: 

1 . TIMING MEASUREMENTS ARE REFEREN 
OF 2.0 VOLTS UNLESS OTHERWISE N 

2. WORD MODE ONLY. 

3. SEE ADDITIONAL NOTES ON PAGE 32 
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EOF 0.8 VOLTS 



Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 
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SOURCE 



MPCC IRQ 



MPU lACK 



X 



f 



\ 



MPCC DTACK 



MPU LDS/DS 



MPCC D0-D7 



I 



■^. 



-^(Sy 



/ 



"^^ 



^26> 






INTERRUPT VECTOR 



NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

2. IRQ IS NEGATED WHEN ALL BITS IN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT 
ARE CLEARED. 

3. SEE ADDITIONiONAL NOTES ON PAGE 32. 



Figure 16. Interrupt Request Cycle Timing 
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HIGH SPEED INTERFACE 



LOW SPEED (RS-232) INTERFACE 



Figure 17. Serial interface 
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Figure 18. Serial Interface Timing 
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NOTE: 

TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 

OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 19. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss « Vdc, Ta - o°c to rcc) 



Number 


Parameter 


Symbol 


Min 


Max 


Unit 


1 


R/W High to CS, DS Low 


tpHSL 







ns 


2 


Address Valid to CS. DS Low 


UvSL 


30 


- 


ns 


31 


CS Low to DTACK Low 


tCLDAL 





60 


ns 


41 


CS, DS Low to Data Valid 


*SLDV 





140 


ns 


5 


DS High to Data Invalid 


tsHDXR 


10 


150 


ns 


6 


DS High to DTACK High 


tsHDAT 





40 


ns 


7 


DS High to Address Invalid 


tsHAI 


20 


- 


ns 


8 


CS, DS High to R/W Low 


tsHRL 


20 


- 


ns 


9 


R/W Low to CS, DS Low 


^RLSL 





- 


ns 


10 


CS High, DS High to R/W High 


tsHRH 


20 


— 


ns 


11 


Data Valid to CS, DS High 


toVSH 


60 


_ 


ns 


12 


CS, DS High to Data Invalid 


tsHDXW 





— 


ns 


17 


DTC Low to DS High 


tcLSH 


60 


- 


ns 


18 


DACK Low to Data Valid. DONE Low 


Uldv 





140 


ns 


19 


DS High to Data Invalid 


tSHDXDR 


10 


150 


ns 


21 


Data Valid to DS High 


bvSH 


60 


— 


ns 


22 


DS High to Data Invalid 


tsHDXDW 





— 


ns 


25 


lACK Low to DTACK Low 


tiALAL 





40 


ns 


26 


lACK, DS Low to Data Valid 


^lALDV 





140 


ns 


27 


DS High to Data Invalid 


tiSHDI 


10 


150 


ns 


28 


lACK High to DTACK High 


tiAHDAT 





40 


ns 


30 


RxC and TxC Period 


top 


248 


— 


ns 


31 


TxC Low to TxD Delay 


trCLTD 





200 


ns 


32 


RxC Low to RxD Transition (Hold) 


tRCLRD 





- 


ns 


33 


RxD Transition to RxC Low (Setup) 


^RDRCL 


30 


~ 


ns 


34 


RxD to TxD Delay (Echo Mode) 


^RDTD 


— 


200 


ns 


35 


R/W Low to DACK Low (Setup) 


*RLAL 





_ 


ns 


36 


DACK High to DONE High 


Uhdh 





- 


ns 


372.3 


RDSR Pulse Width 


^RPW 


1 


- 


clock penod 


382.4 


TDSR Pulse Width 


^TPW 


1 


- 


clock period 


Notes: 






1. For read < 
valid data ( 


jycle timing, the MPCC asserts DTACK withir 
Data In) within the MPU S6 clock low setup time 
)nous protocols, this Is one full serial clock perioc 
ronous protocols. RDSR is asserted for two syst( 
a prescale factor of 3. 
ronous protocols, TDSR is asserted for a period ( 


1 the MPU S4 do 
requirement. 
1 of RxC for RDSR { 
3m clock periods fo 

)f one-half the baud 


ck low setup time requiremen 


t and establishes 


2. For synchrc 

3. For asynch 
periods for 

4. For asynch 


and TxC for TDSR. 
a prescale factor of 2 and for three system clock 

rate. 



*NOTES TO FIGURES 12-16. 

Address, IDS, UDS and R/W are signals generated by the 
68000 MPU and its bus timing prevails. CS is derived with 
external logic from the address bus and generally an Address 
Strobe (AS) signal f rom the MPU. It will naturally be delayed 
somewhat from the AS signal. The active read or write cycle 
timing in the MPCC is during the summation of the active sig- 
nal time, i.e., the last active signal starts the timing sequence. 
For an MPCC read cycle, for example, the data out parameter 
(tsLDv. ite m 4) will be available to 140 ns from the failing edge 
of CS or LDS whichever is active last. The data out parameter 



(tsHDXR . item 5) will remain valid for 0-150 ns after the negation of 
CS or LDS, whichever is negated first. 



Tlie minimum pulse widths for 08, LDS, UDS, DACK, lACK and 
DTC are not specified since they are system dependent and relate 
to system clock timing. For example, it is apparen t that the mini- 
mum active time for "AND" condition of CS and LDS is 140 ns 
(tsLDv, it em 4) plus the setup time of the Data In to the receiving 
device If LDS hi gh is used to s tro be the d ata in . These same fac- 
tors hold true for UDS, DACK and lACK. If DTC is u sed i t must be 
true a minimum of 60 ns before the rising edge of LDS and thus 
this is the minimum pulse width. It may be connected to ground. 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Operating Temperature Range 


Ta 


to +70 


^C 


Storage Temperature 


TSTG 


-55 to +150 


OC 



*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause pernnanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



THERMAL CHARACTERISTICS 



Parameter 


Symbol 


Value 


Rating 


Thermal Resistance 
Ceramic 
Plastic 


»JA 


50 
68 


''C/W 



DC CHARACTERISTICS 

(Vcc = 50 Vdc ±5%, Vss » Vdc, Ta - CC to /CC unless otherwise noted) 





Symbol 


Min 


Max 


Unit 


Test Conditions 


Input High Voltage 
All Inputs 


V,H 


2.0 


Vcc 


V 




Input Low Voltage 
All Inputs 


V,L 


-0.3 


+ 0.8 


V 




Input Leakage Current 
R/W, RESET, CS. A1-A4 


l|N 


— 


10.0 


mA 


V,N = to 5.25V 
Vcc = 5.25V 


Three-State (Off State) Input Current 
IRQ, DTACK, D0-D15 


Ttsi 


— 


10.0 


AiA 


V,N = 0.4 to 2.4V 
Vcc = 5.25V 


Output High Voltage 
RDSR, TDSR, IRQ, DTACK, D0-D15, DSR, DTR, RTS, 
TxD, TxC 


VOH 


Vss + 2.4 


- 


V 


Vcc = 4.75V 
'load = -400mA 
Cload - 130 pF 


BCLK 


Vqh 


Vss + 2.4 


" 


V 


Vcc = 4.75V 
'load = 
Cload = 30 pF 


Output Low Voltage 


Vol 


- 


0.5 


V 


Vcc = 4.75V 
'load = 3.2 nriA 


RDSR, TDSR, IRQ, DTACK D0-D15, DSR, DTR, RTS, 
TxD, TxC, BCLK, 


DONE 


Vol 


— 


0.5 


V 


Vcc = 4.75V 
'load = 8.8 mA 


Internal Power Dissipation 


Pint 


- 


1 


W 


Ta = 250C 


Input Capacitance 


C,N 


" 


13 


PF 


V,N « OV 
Ta = 250C 
f = 1 MHz 
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PACKAGE DIMENSIONS — 40-PIN DIP 



40-PIN CERAMIC DIP 






40 








J 


B 


A 1 






c i 



40-PIN PLASTIC DIP 



4.U "_k 



.^' 



nnnrrnnnnhnnnnnririririni^, 



) 



k;'j'>;'u'U'j'u'i»'ijiwiu'j ' v''v''jiju i u'uu - 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50 29 


5131 


1 980 


2 020 


B 


14 73 


15 24 


580 


600 


c 


3 30 


4 32 


130 


170 


D 


38 


53 


015 


021 


F 


1 02 


1 52 


040 


060 


G 


2 54 BSC 


100 BSC 1 


J 


20 


30 


008 


012 


K 


2 54 


4 06 


100 


160 


L 


14 99 


15 49 


590 


610 


M 


0° 


10° 


0° 


10° 


N 


1 02 


152 


040 


060 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


5182 


52 32 


2 040 


2 060 


B 


13 72 


14 22 


540 


560 


C 


4 06 


5 08 


160 


200 


D 


38 


53 


015 


021 


F 


1 14 


140 


045 


055 


G 


2 54 BSC 


100 BSC 


H 


1 40 


1 91 


055 


075 


J 


20 


30 


008 


012 


K 


3 30 


4 32 


130 


170 


L 


14 48 


16 00 


570 


630 


M 


0° 


10° 


0° 


10° 


N 


51 


102 


020 


040 
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PACKAGE DIMENSIONS — 48-PIN DIP 



48-PIN CERAMIC DIP 



J 




-lU. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


60 35 


61 57 


2.376 


2 424 


B 


14 73 


15 24 


580 


600 


C 


3 30 


4 32 


130 


170 


D 


38 


53 


015 


021 


F 


102 


152 


040 


060 


G 


2 54 BSC 


100 BSC 


J 


20 


30 


008 


012 


K 


2 54 


4 06 


100 


160 


L 


14 99 


15 49 


590 


610 


M 


0° 


10° 


0° 


10° 


N 


102 


152 


040 


060 



.^ 



48-PIN PLASTIC DIP 



A ^ ' 



hL- JgU JUf -JU-d "^^'Lm 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


60 83 


61 85 


2 395 


2 435 


B 


13 72 


14 22 


540 


560 


C 


4 06 


5 08 


160 


200 


D 


38 


53 


015 


021 


F 


1 14 


1 40 


045 


055 


G 


2 54 BSC 


100 BSC 


H 


140 


1 91 


055 


075 


J 


20 


30 


008 


012 


K 


3 30 


4 32 


130 


170 


L 


14 48 


16 00 


570 


630 


M 


0° 


10° 


0° 


10° 


N 


51 


102 


020 


040 
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R68802 
LOCAL NETWORK CONTROLLER (LNET) 



DESCRIPTION 

The R68802 Local Network Controller (LNET) implements the 
IEEE 802.3 CSMA/CD Access Method local network standard. 
This device supports Ethernet* (10BASE5), Cheapernet 
(10BASE2) and StarLAN (1 BASES) implementations of this 
standard. 

The basic function of the LNET is to execute the CSMA/CD 
algorithm, perform parallel-to-serial and serial-to-parallei conver- 
sions for data streams up to 10 Mbps, and assemble and disas- 
semble the packet format. In addition, the LNET provides an 8-bit 
or 16-bit processor interface, the required DMA interfaces, and the 
proper interface to the Manchester Code Converter (MCC) used 
to connect the LNET to an IEEE 802.3 defined Media Attachment 
Unit (MAU). 

The controller can interface data terminal equipment to local net- 
works with diffenng performance requirements. At the high end, 
the R68802 meets the IEEE 802.3 10 Mbps specification and sup- 
ports the implementation of ISO reference model layers one and 
two. For low cost networks, the controller can be run at greatly 
reduced data rates and inexpensive system components (drivers, 
cables, etc.) may be selected (e.g., Cheapernet and StarLAN). 

The LNET controller implements a protocol known as Carner 
Sense Multiple Access with Collision Detection (CSMA/CD), which 
allows multiple Data Terminal Equipment to share the same com- 
munication medium without the need for a central arbiter of 
medium utilization. 

IEEE 802.3 nodes needing to transmit wait a specific multiple of 
transmit clock periods before transmitting data to provide recov- 
ery time for other controllers and the cable itself. If a collision with 
another station is detected, the transmission is aborted and a jam 
signal transmitted to alert other nodes. Following a jam, the sta- 
tion waits a random amount of time based on a Binary Exponen- 
tial Back-off algorithm before retransmitting. Repeated collisions 
result in repeated retnes and an increase in the randomly selected 
time interval to improve trafficking 



ORDERING INFORMATION 



Part Number 

R68802 . 



- Package 

C = Ceramic 
P = Plastic 



FEATURES 

• Meets the IEEE 802.3 specifications for local networks 
(e.g., Ethernet*, Cheapernet and StarLAN) 

• Serial data rates as high as 10 Mbps 

• Compatible with a variety of 8- or 16-bit processors and DMA 
controllers 

• Interfaces to a variety of manchester code converters 

• Programmable interf rame wait times for smaller topologies and 
lower data rates 

• CSMA/CD algorithm: 
—Wait before transmit 
—Jam on collision 
—Binary exponential backoff 
Programmable 2- or 6-byte address recognition 
Supports loopback self-test 
Extensive network management capabilities 
Programmable disable on reception 
Programmable collision handling minimizes CPU intervention 
32-bit CRC generation and reception 
Broadband applications 
32-byte FIFO on both transmitter and receiver 
TTL compatible I/O 
40-pin DIP 
Single 5V power supply 

*Ethernet is a trademark of the Xerox Corporation 
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Figure 1. LNET Block Diagram 
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PIN DESCRIPTION 

Throughout the document, signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 
state. (The active state of each logic pin is described below.) Active 
low signals are denoted by a superscript bar, RA/V indicates a write 
is active low and a read active high. 



lACK— Interrupt Acknowledge. The active low JACK input indi- 
cates t hat th e current bus cycle is an interrupt acknowledge cycle. 
When lACK is asserted the LNET places an interrupt vector on 
the lower byte (D0-D7) of the data bus. 



DACK— DMA Acknowledge. The DACK low input indicates that 
the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 
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Figure 2. LNET Input and Output Signals 



D0--D15— Data Lines. The bidirectional data lines transfer data 
between the LNET and the MPU, memory or other peripheral 
device. D0-D15 are used when connected to a 16-bit bus and oper- 
ating in the word mode. D0-D7 are used when operating in the 
byte mode. The data bus is tri-stated when CS is inactive. (See 
exceptions in DMA mode.) 

CS— Chip Select. CS low input selects the LNET for 
programmed transfers with the host. The LNET is deselected 
when the CS input is inactive in non-DMA mode. CS must be 
decoded from the address bus and gated with address strobe (AS). 

R/W— Read/Write. R/W input controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 



DTACK— Data Transfer Acknowledge. DTACK is an active low 
output that signals the completi on of the bus cycle. During read 
or interrupt acknowledge cycles, DTACK is asserted by the LNET 
after data has been provided on the data bus; during write cycles 
it is asserted after data has been accept ed at the data bus. A pull 
up resistor is required to maintain DTACK high between bus cycles. 
This line is an open drain output. 

DS— Data Strobe. During a write (R/W low), the DS input posi- 
tive transition latches data from the external data bus lines into 
the LNET. During a read (R/W high), DS low enables data from 
the LNET onto data bus lines. 

IRQ— Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. This line is open drain and should 
be tied high with a pull-up resistor. 



DONE — Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or is asserted by the LNET when either the last byte of receive data 
is transferred or a collision is detected during a transmission or 
reception. This line is open drain and should be tied high with a 
pull-up resistor. 



RESET— Reset. The active low, hig h impedance RESET input 
initializes all LNET functions. RESET must be asserted for at least 
10 TXCLKs to initialize the LNET 



RXREQ— Receive DMA Reques t. When receive data becomes 
available in the RXFIFO, RXREQ output is asserted and held low 
for 8 or 16 (single address burst mode) DMAC cycles (8 or 16 
sequential DACK pulses) or until the end of the receive block. 
When the last data byte of the receiv e block is transferred, DONE 
is asse rted by t he LNET with the last DACK strobe and the nega- 
tion of RXREQ. 



TXREQ— Transmit DMA Request . When t he Transmitter Enable 
bit is set in the Command Register, TXREQ output is asserted and 
held low for 8 or 16 (si ngle address burst mode) DMAC cycles (8 or 
16 sequential DACK pulses) or until the end of the tran smit data 
block as signaled by the DMAC's assertion of DONE. 



MILOOP— Ml Loopback. With an active MILOOP output, the 
MCC shunts its LNET data-in path to its LNET data-out path, effec- 
tively routing the LNET TXDATA output into the LNET RXDATA 
input. 

RXDATA— Receive Data. The LNET receives serial data via the 
RXDATA input. The RXDATA input is shifted into the receiver on 
the positive going edge of RXCLK. 

RXCLK— Receive Clock. The free-running Receive Clock input 
provides the LNET with receive data timing information. 

SENSE— Carrier Sense. The active high SENSE input indicates 
the presence of data on the RXDATA serial input line. 

SIGQUAL— Signal Quality. The assertion of the active high 
SIGQUAL input by the MCC indicates an error condition on the 
medium. During the transmission mode the LNET interprets this 
as a collision. 

TXEN— Transmit Enable. The active high TXEN output indicates 
to the MCC that data is present on the TXDATA output. 
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TXDATA— Transmit Data. The LNET transmits serial data on the 
TXDATA line. The TXDATA output changes on the negative going 
edge of TXCLK. 

TXCLK— Transmit Clock. The Transmit Clock Input is a free- 
running clock supplied by the MCC that provides both a system 
clock and a means of shifting out serial data bit on the TXDATA 
output line. 



ISOLATE— isolate MAU. The active low ISOLATE output is 
asserted when the Isolate bit in the Command Register is set to 
1 . This pin ca n be used to Isolate the MAU from the media. As long 
as ISOLATE is low, the MAU is unable to transmit or receive on 
the medium. 



MAUAVAIL— MAU Available. When the active low MAUAVAIL 
input is asserted, the transmission algorithm can proceed. 



INITIALIZATION REGISTERS 

The initialization registers contain command information to con- 
figure the LNET for normal operation. The registers are the one- 
byte Mode Register (MR), the one-byte interrupt Vector Number 
Register (IVNR) and the two- or six-byte Station Address Register 
(SAR). These registers must be loaded upon RESET (either 
caused by power up or initiated during normal operation) or upon 
setting of the RESET bit in the Command Register. Any of these 
conditions reset the LNET by clearing the Mode Register, Station 
Address Register, Command Registers and Status Registers. 

All initialization registers must be written to by the MPU Instruc- 
tion sequence immediately after a reset in the manner described 
below even if no data is changed in a register. The number of bytes 
written depends upon the number of bytes in the Station Address 
as selected in bit 4 of the Mode Register. 



MAUREQ~MAU Request. The active low MAU REG output is 
asserted prior to transmission if MAUAVAIL is not asserted. 

Vcc— Power. 5V ±5%. 

GND-— Ground. Ground. 



After the proper number of write cycles have been completed, the 
LNET is initialized and further MPU writes to the LNET will address 
only the Command Register. All MPU reads of the LNET after 
initialization is complete will access only Status Register 1 or 2. 



Initialization Procedure for 16-Bit MPU Bus 



LNET REGISTERS 

The LNET contains three groups of registers accessible from the 
MPU bus which initialize the LNET, control and monitor LNET 
operation, and transfer data between the LNET and the MPU bus. 
These register groups, specific registers within each group, and 
the size, access and mode of each register are listed in Table 1. 

All registers, except the Mode Register, may be accessed either 
in the word or byte mode, depending on the MPU data bus length 
(8-bit or 16-bit) and the Word/Byte mode selected in bit 4 of the 
Mode Register during initialization. 



Write cycle 1— write the Mode byte on the lower byte of the data 
bus D0-D7. The upper byte is not used and can contain any data. 

Write cycle 2— write the Interrupt Vector Number on the lower byte 
of the data bus D0-D7. The upper byte Is not used and can con- 
tain any data. 

Write cycle 3 or write cycles 3 through 5— write the one- or three- 
word Station Address (depending on the Station Address Size 
loaded into the Mode Register) on the data bus (D0-D15). The first 
word of the Station Address Register will be compared to the first 
word in the destination address field of an Incoming packet. 



Table 1. LNET MPU Bus Accessible Registers 



Register Group 


Register Name 


Size 
(No. Bytes) 


Access 


IMode 


Initialization 
Registers 


Mode Register (MR) 


1 


DS = L, CS = L, R/W = L (write one byte^) 


MPU Write 


Interrupt Vector Number Register (IVNR) 


1 


DS = L, CS = L, R/W = L (write one byte^) 


Station Address Register (SAR) 


2 or 6 


DS = L, CS = L, R/W = L 

(write 1 or 3 sequential words or 2 or 6 

sequential bytes) 


Operating 
Registers 


Command Register (CR) 


1 


DS = L, CS = L, R/W = L 


MPU Write 


Status Register 1 (SR1) 
Status Register 2 (SR2) 


1 
1 


DS = L.CS = L,R/W = H 


MPU Read 


Data 
Buffers 


Transmit FIFO Register File (TXFIFO) 


32 


TXREQ = L, DS = L, DACK = L 


DMA Write 


Receive FIFO Register File (RXFIFO) 


32 


RXREQ = L, DS = L. DACK = L 


DMA Read 


Note: 

1. Upper byte in word mode ignored. 
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Initialization Procedure for 8-Bit l\/IPU Bus 

Write cycle 1— write the Mode byte on the data bus (D0-D7), 

Write cycle 2— write the Interrupt Vector Number of the data bus 
(D0-D7). 

Write cycles 3 through 4 or 3 through 8— write the two- or six-byte 
Station Address (depending on the Station Address Size loaded 
into the Mode Register). The first byte of the Station Address 
Register will be compared to the first byte in the destination field 
of an incoming packet. 



Mode Register (MR) 



Interrupt Vector Number Register (IVNR) 



7 6 5 


4 


3 


2 


1 





IFWT 


BYTE 


INTCOL 


DISRX 


NOLC 


SAS 



The Mode Register sets conditions during initialization for use 
during normal operations. It must be the first byte written during 
initialization. All mode bits are active high, i.e., - 1. 

MR IFWT —interframe Walt Time 
7-5 No. of TXCLKs (Wait Time) 

000 16 

001 32 
010 48 
Oil 64 

100 80 

101 96 

110 112 

111 128 

MR 

4 BYTE —Data Bus Byte Mode 

Select word mode (for use with 16-bit MPU bus). 

1 Select byte mode (for use with 8-bit MPU bus). 

MR 
3 INTCOL— Interrupt on Collision 





1 

MR 
2 


1 



Assert only DONE on collision. 
Assert IRQ on collision. 



DISRX —Disable Receiver 

Enable receiver after each packet reception. 
Disable receiver after each addressed packet 
reception if CR-6 is not set. 

Note: See Table 2. 



MR 

1 NOLC —No Length Count 

Use length count in packet format. 

1 Do not use length count in packet format. 

MR 

SAS —Station Address Size 

6-byte station address. 

1 2-byte station address. 



Interrupt Vector Number (IVN) 



If an interrupt condition occurs (as^ reported by bits in Status 
Register 1 and Status Regi ster 2 ), IRQ is asserted to request MPU 
Interrupt service. Upon lACK input assertion, the Interrupt 
Vector Number (IVN) from the Interrupt Vector Number Register 
(IVNR) Is placed on the data bus (D0-D7). The IVN must be the 
second byte initialized during LNET initialization. 

Station Address Register (SAR) 



7 


6 


5 


1 4 1 3 1 


2 


1 





Station Address 



The Station Address Register holds the Station Address for the 
Receiver Address Recognition circuitry. The Station Address bytes 
must be written to the LNET following the Interrupt Vector Number 
during the initialization sequence. Either two or six bytes must be 
written, least significant bytes first, depending on the Station 
Address Size loaded into the Mode Register. 



OPERATING REGISTERS 

The command or status registers are addressed during an MPU 
write or read, respectively, after initialization is complete. In word 
mode, the Command Register is written during one write cycle. 
The Command Register receives the lower byte of the word. 
Likewise, while reading the status registers in word mode, Status 
Register 1 occupies the lower byte of the word. 



COi\MMAND REGISTER 



Command Register (CR) 



The Command Register controls the operation of the LNET. All 
command bits are active high (i.e., = 1). 




7 


6 


5 


4 


3 


2 


1 





RESET 


RXEN 


RXALL 


NOISOL 


MILOOP 


- 


ODDNO 


TXCMD 



CR 

7 RESET -Reset 

Enable LNET operation. 

1 Reset LNET 

Note: The RESET bit is automatically cleared to upon 
the completion of the rese t sequence. This bit is 
unaffected by the RESET pin level. 
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CR 
6 



1 



RXEN —Receiver Enable 

Disable receiver. 

Enable receiver. This bit must be set after each packet is 
received to enable reception of the next packet only if bit 2 
in the Mode Register is set at initialization. Reception of 
the packet clears this bit if CR-5 is not set. 

Note: This bit is not used if bit MR2 is not set at initialization. 
See Table 2. 



CR 
5 





RXALL —Receive All Packets 

Receive only addressed packets. The address must cor- 
respond to the Station Address loaded into the Station 
Address Register upon initialization. 
Receive all packets (regardless of address), only if bit 2 
in the mode Register is not set at initialization. 

Note: See Table 2. 



CR 

4 NOISOL— No Isolate 

Assert ISOLATE to request that the MAU isolate itself 
from th e medium . 

1 Negate ISOLATE to request that the MAU connect itself 
to the medium. 

CR 

3 MILOOP— Manchester Interface Loopback Test 

Negat e MILOOP to command Ml normal operation. 

1 Assert MILOOP to command Ml loopback operation. 

CR 

2 Reserved 

Bit must be set to zero. 

CR 

1 ODDNO— Odd Number of Bytes 

Transmit even number of bytes in a block. 

1 Transmit odd number of bytes on block. 

CR 

TXCMD —Transmit Command 

Disable transmission. 

1 Start transmission. Asserts TXREQ and MAUREQ. Clears 



automatically after packet transmission. 
Table 2. Receive Operation 



Bit 


Operation 


MR2 


CR.5 


CR-6 








X 


Receive addressed packets continuously 





1 


X 


Receive all packets (regardless of 
address) continuously 


1 








Disable receiver 


1 





1 


Receive only one addressed packet 


1 


1 





Disable receiver 


1 


1 


1 


Receive addressed packets continuously 



STATUS REGISTERS 

The two interrupt driven status registers report the status of the 
LNET receiver and transmitter operations. Status registers can 
be read upon interrupt service by the MPU. Status is reported in 
either discrete or encoded bits. All discrete (or non-encoded) sta- 
tus bits are active high (i.e. = 1). 

A change in any of these status bits causes IRQ to be asserted 
(except as noted). In the byte mode, both status registers must be 
read in consecutive read cycles. 



Status Register 1 (SR1) 



7 


6 5 4 


3 


2 1 


— 


TXSTAT 


ODD 


RXSTAT 



SR1 
7 Not Used 



SR1 

6-4 TXSTAT— Transmitter Status 

000 Transmitter idle. 

001 Transmit successful. 

010 Collision (Assert ion of S IGQ UAL wit hin the first 512 bit 
times causes DONE, or DONE and IRQ, to be 
asserted depending on the state of MR bit 3). 

01 1 Signal Quality error (SIGQUAL asserted after the first 
512 bit times). 

100 Transmit retry count exceeded. 

1 01 Transmit buffer underflow during transmission (indicates 
the TXFIFO emptied between the 16th data by te delivered 
for transmission and the assertion of DONE). 

110 Transmit in progress (indicates the real time activity of 
TXDATA pin. This state does not set the IRQ bit in SR2 
nor cause IRQ to be asserted. This bit pattern is not 
reset to the transmitter idle pattern upon reading SRI. 

1 1 1 MAUAVAIL changed state dunng transmission. 



SR1 

3 ODD —Odd Number of Receive Bytes 

Even number of bytes in the receive packet. 

1 Odd number of bytes in the receive packet. 



SR1 

2-0 RXSTAT— Receiver Status 

000 Reserved. 

001 Receive successful. 

01 Minimum packet size error. 

01 1 Receive buffer overflow. 

100 Frame terminated on a non-byte boundary error. 

101 Frame Check Sequence (FCS) error. 

110 Reserved. 

111 Reserved. 
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status Register 2 (SR2) 



7 


6 


5 


4 


3 2 10 


IRQ 


— 


— 


MAUAVAIL 


COLCNT 



SR2 

7 IRQ —Interrupt Request 

An interrupt condition has not occurred and IRQ has not 
been asserted. 

1 An interrupt condition has occurred and IRQ has been 
asserted. 

Note: This bit is cleared when SR2 is read and there is no 
pending interrupt condition. 



SR2 
6 



-Not Used 



transmi tting buffer empties before the loading buffer is fully 
loaded, IRQ is asserted and the transmitter buffer underflow bit 
pattern (101) is set in Status Register 1. 

The time required to load half the transmitter buffer under DMAC 
control must be less than the time it takes to seriali ze out t he 
transmitting half on TXDATA. From the assertion of TXREQ to 
the end of the 16th DMAC bus cycle (byte mode) or the 8th DMAC 
bus cycle (word mode), no more than 128 TXCLKs can elapse. 



RECEIVE DATA BUFFER (RXFIFO) 

The Receive data buffer is a 32-byte FIFO register file (RXFIFO) 
which can be read only during DMA service. One half of the 
RXFIFO IS a receiving buffer for the data from the Serial-to-Parallel 
Register; the other half is a reading buffer for the data ready to 
be transferred to the MPU bus. As soon as the receiving buffer 
is full, these two halves switch roles. If the recei ving buffer is fully 
loaded before the reading buffer is empty, IRQ is asserted 
and the receive buffer overflow bit pattern (Oil) is set in Status 
Register 1. 



SR2 
5 



—Not Used 



The time it takes to unload the reading buffer under DMAC con- 
trol must be less than the time it takes to load the receiving buffer 
from RXDATA. The loading time is 128 RXCLKs. 



SR2 
4 MAUAVAIL— MAU Available 

MAU is not available. 

1 MAU is available. 

Note: This bit is not cleared when SR2 is read. 



INPUT/OUTPUT FUNCTIONS 

Typical LNET interface connections to a 16-bit data bus or an 8-bit 
data bus are shown in Figure 4 and Figure 5, respectively. 



MPU INTERFACE 



SR2 

3-0 COLCNT —Collision Count 

0000 Zero 



Transfer of data between the LNET and the system bus involves 
the following signals: D ata Bus DO t h rough D15 and control sig- 
nals consisting of R/W, DTACK, CS, JACK, and DS. 



1111 Fifteen 

Note: Reset to zero when the TXCMD bit (CR-0) is set. If 
Mode Register bit 3 is negated the changing count 
does not generate IRQ interrupts. IRQ is asserted 
when maximum collision count is reached. 



16-Bit MPU Interface 

Bit 4 in the Mode Register, left at its default value of during initiali- 
zation, selects the word mode. In the word mode, a read of both 
status registers performed with one word read cycle transfers Sta- 
tus Register 1 on D0-D7 and Status Register 2 on D8-D15. A write 
to the 8-bit Command Register is also accomplished in one cycle 
on D0-D7. 




TRANSMIT DATA BUFFER (TXFIFO) 

The Transmit data buffer is a 32-byte FIFO register file (TXFIFO) 
which can be loaded only by DMA service. One half of the TXFIFO 
loads data for transmission via the DMAC; the other half holds data 
currently being transmitted out serially on TXDATA. When the 
transmitting half is empty it becomes the loading half and the 
current loading buffer becomes the transmitting half. If the 



8-Bit MPU Interface 

Bit 4 of the Mode Register, set to 1 during initialization, selects the 
byte mode. In the byte mode, reading of the status registers Is per- 
formed with two consecutive byte read cycles to enable first Sta- 
tus Register 1 and then Status Register 2 onto D0-D7. Writing to 
the Command Register requires one cycle. 
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Read/Write Operation 

The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the LNETJor access to the internal 
registers and other operations. When CS is asserted the data I/O 
buffer acts as an output driver during a read operation, and as an 
input buffer during a write operation. 

If the LNET is selected (CS = low) for a read (R/W = higji), 
data is placed on the data bus from the status register when DS 
i s asse rted. The LNET asserts Data Transfer Acknowledge 
(DTACK) concurrent with the output data. 

If the LNET is selected (CS = low) for a write (R/W = low), DS 
strobes data into the selected register and the LNET asserts 
DTACK immediately after DS is asserted. 

DMA INTERFACE 

During receiving or transmitting data fr om the M P U bus, the LNET 
asserts a receive or transmit req uest (R XREQ or TXREQ) to the 
DMAC. A DMA ac kn owledge (DACK) signal is asserted in 
response to RXREQ or TXREQ when the DMAC is ready to serv- 
ice the re quest. Both receive request and transmit request share 
t he sam e DACK pin; therefore, in the case of DMAC devices with 
a DACK for each channel, they must be ORed together externally 

Transmit DI^A Request 



In servicing the TXREQ, the DMAC writes to the TXFIFO a byte 
or a word at a time. The TXFIFO input pointer (TIP) is advanced 
and data latches on the rising edge of DS. 

Receive DIVIA Request 



In servicing the RXREQ, the DMAC reads from the RXFIFO abyte 
or word at a time. Data is enabled out on the falling edge of DACK 
and the RXFIFO output pointer (ROP) is advanced on the rising 
edge of DACK . The data lines are tri-stated following the rising 
edge of DACK. 



DONE 



DONE is a bidirectional signal line to or from the DMAC and indi- 
cates one of three conditions: 



1 . As an input to the R68802, DONE tells the LNET that no more 
data bytes will be transmitted. 



2. As an output from the R68802, DONE indicates the last byte 
of received data is being loaded onto the data bus. 



3. As an output from the R68802, DONE also indicates prema- 
ture end of transmission or reception resulting from a collision. 
Examine SR2-3 to SR2-0 (Collision Count) to determine valid 
or invalid data transfer. 

INTERRUPTS 

The IRQ output asserts when there is status information avail- 
able after the completion of a transmit or receive transaction, or 
an error condition exists. The MPU g rants the interrupt by assert- 
ing an interrupt acknowledge (lACK) signal and reads the mter- 
rupt vec tor when the LNET asserts data transfer acknowledge 
(DTACK). The subsequent negation of lACK and IRQ precede MPU 
interrupt processing. 



MANCHESTER INTERFACE SIGNALS 

The abbreviation MCC refers to the Manchester Code Converter 
necessary to interface the LNET to an IEEE 802.3 specified Media 
Access Unit (MAU). 



SENSE (Sense Carrier) Input 

The MCC asserts SENSE when it has detected a change in Car- 
rier Sense from no carrier present to carrier present. SENSE stays 
active as long as carrier is present and is negated when the car- 
rier disappears. 



ISOLATE (isolate Message Request) Output 



The LNET asserts ISOLAT E to direct the MCC to send an Isolate 
message to the MAU. When ISOLATE is negated, the MCC sends 
a Normal message to the MAU unless the LNET requires that the 
MAU request message be sent to permit data output. 



MAUREQ (MAU Request) Output 



The LNET asserts MAUREQ when CR bit is active. MAUREQ 
stays active and a MAU request message is sent until the end of 
a packet transmission. 



MAUAVAIL (MAU Available) Input 



The MCC asserts MAUAV AIL when an MAU available message 
from the MAU is received. MAUAVAIL is negated when an MAU 
not available message is received from the MAU. 

SIGQUAL (Signal Quality) Input 

SIGQUAL is asserted by the MCC when a Signal Quality Error 
Message is received from the MAU. 

TXEN (Transmission Enable) Output 

The LNET starts a transmission by asserting TXEN and outputs 
serial data on TXDATA which is Manchester encoded by the MCC. 
TXEN IS active until the end of the transmission. 



RXCLK (Receive Clock) Input 

RXCLK shifts receive data into the LNET and is free running at 
10 MHz, or slower. 



TXCLK (Transmitter Clock) Input 

The TXCLK is a free running 10 MHz, or slower, clock used to clock 
data into the MCC and perform operations in the transmitter. 



MILOOP (Ml Loopback) Output 



The MILOOP output signals the MCC that the current data is a test 
frame and it is to be "looped back" to the LNET instead of being 
sent to the MAU. 
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LNET FUNCTIONAL DESCRIPTION 

The LNET transmits and receives serial data on an IEEE 802.3 
CSIVIA/CD Access Method defined communications medium and 
transfers parallel data to and from a host system under program 
or DMA control according to the IEEE 802.3 data link specification. 

Frame Format 

Serial data transfers synchronously between the LNET and the 
MCC within the frame structure for data communications using 
local area network media access control (MAC) procedures. Each 
MAC frame, or packet, consists of eight fields: Preamble, Start 
Field Delimiter (SFD), Destination Address, Source Address, 
Length Count, Data, Pad and Frame Check Sequence (FSC). 
Figure 3 illustrates the frame format. 

The Preamble consists of seven bytes of alternating 1's and O's, 
i.e., 1010... 1010. 

The Start Field Delimiter (SFD) consists of one byte of bit pattern 
10101011 immediately following the Preamble pattern which indi- 
cates the start of a valid frame. 

The Destination and Source Addresses are either two or six bytes 
in length. Addresses may be any one of the following three types: 
Station Address, Logical Group, or Broadcast. Logical Group and 
Broadcast Addresses are identified by a 1 in the first bit position 
received. The first bit of a Station Address is 0. 
The Length Count field is two bytes in length and specifies the Data 
field length (in an Ethernet application this field is the Type field 
and the Length Count field in the Mode Register must be initial- 
ized appropriately). 

The Data field can have a variable number of bytes. If the Data 
field is less than 46 bytes (in a six-byte address mode), or less than 
54 bytes (in a two-byte address mode), pad bytes are added to the 
frame on transmission to bring the overall packet size up to the 
minimum size of 72 bytes. The maximum Data field length must 
be programmed into the DMAC operating with the LNET. 
The Frame Check Sequence (FCS) field is four bytes in length. 
Frame Reception 

The Receiver consists of the following sections: Delimiter Recog- 
nition, Receive CRC, Serial-to-Parallel Register, Receive Length 
Counter, Address Recognition, and a 32-byte FIFO register file 
(RXFIFO). These registers are all driven or loaded by RXCLK or 
a derivative. 



In the absence of serial input data from the network bus, the 
SENSE input from the MCC is inactive. The Receive Clock 
(RXCLK) is free running and the Receiver front end is idling. 

The assertion of SENSE defines the beginning of a frame. The 
rising edge of RXCLK enables SENSE and, concurrently, the first 
Preamble bit on RXDATA to the LNET. The falling edge of RXCLK 
shifts the first bit of the Preamble into the Delimiter Recognition 
logic and SENSE into the SENSE Detection logic. Delimiter 
Recognition is deferred for eight RXCLKS after the assertion of 
SENSE, to give the MCC unit time to synchronize on the Preamble. 

If sequential zeros are detected during the time the LNET is 
searching for the double ones delimiter, the packet's reception is 
aborted. 

The Preamble bits are shifted through the Delimiter Recognition 
logic without result. As the last bit of the Delimiter is shifted in, an 
internal signal is asserted. 

The data is then routed to the Receive CRC and the Serial-to- 
Parallel Register. The Byte Alignment and Odd/Even byte moni- 
tor is initialized, and a Byte Counter is started. 

At the appropriate byte count, the first byte of Destination Address 
is converted to parallel data, compared with the first byte of Sta- 
tion Address, and loaded into the RXFIFO. 

The RXFIFO Input Pointer (RIP) is then advanced by one. The next 
byte(s) of destination and source addresses are loaded in the same 
manner. As the two length count bytes are sent to the RXFIFO they 
are also loaded into the Length Counter. If this field is non-zero 
it is decremented on each succeeding byte of the packet. 

The remainder of the first 16 bytes of the packet are loaded into 
the RXFIFO (unless the Length Counter reaches its terminal count 
or the packet terminates). 



With 16 bytes buffered, the RXFIFO is half full. RXREO is now 
asserted. The receiving half of the buffer becomes the reading 
half, and the first 16 bytes of receive data are unloaded by advanc- 
ingthe RXFIFO Output Pointer (ROP) as a function of the DMAC's 
DACK and DS signals. The first and second bytes of the received 
packet are read out of the RXFIFO on D0-D7 and D8-D15, respec- 
tively, in word mode. The first byte out of the RXFIFO is the desti- 
nation address. Meanwhile the empty, receiving half of the RXFIFO 
continues to fill. 
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Figure 3. MAC Frame Format 
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As the 32nd byte of received data is loaded, RXREQ is asserted 
again and RIP proceeds to the just emptied reading buffer while 
DMA bus cycles unload the new reading buffer. 

The RXFIFO continues to load and unload in this manner through- 
out the duration of the packet's Data field. 

The position of RIP indicates when the load the Length Counter 
from the data strea m, when t o check for a valid address, and when 
to assert or negate RXREQ and to flag an overrun of the receive 
DMA service. 

The two-byte Length Counter is located either four or twelve bytes 
(depending on the address mode) after Valid Delimiter. The Length 
Counter is decremented every eight RXCLKs. When the Length 
Counter equal s zero, in dicating the end of the Data field, RIP is 
disabled and RXREQ asserts long enough to unload the 
last bytes. 

In the case of a normal terminatio n of the packet, after the last bytes 
are un loaded, the LNET a sserts DO NE concurrently with the last 
DACK strobe and negates RXREQ. The CRC Register continues 
to calculate over the Pad and Frame Check Sequence fields and 
the Byte Alignment Checker continues to run until packet end. The 
state of the Odd/Even byte checker is latched at the time of the 
Length Counter's terminal count. 

The end of the packet is recognized as follows. The last FCS bit 
is latched into the LNET when RXCLK goes high in the normal 
manner. Two RXCLKs later the negated value of SENSE is 
detected. At the next rising edge of RXCLK, the CRC syndrome 
is compared and the result is posted to Status Register 1 and IRQ 
is asserted. 

Frame Transmission 

The Transmitter consists of the following: Parallel-to-Serial 
Register, Transmit Length Counter, 32-byte Transmitter FIFO 
register file (TXFIFO), Transmit CRC Generator, Preamble and 
Delimiter Generator, Jam Generator, Interframe Delay Counter, 
and the Binary Exponential Back-Off Counter. These sections are 
all driven by TXCLK or a derivation. 

Frame transmission commences with a MPU write to Command 
Register 1 setting the Enable Transmission bit (C R-0). Th e LNET 
responds by asserting Transmit DMA Request (TXREQ). Under 
DMA control, 16 bytes are loaded from the MPU bus into the 
T XFIFO b y advancing the TXFIFO Input Poi nter (TIP) as a function 
of DACK and DS. The LNET then negates TXREQ until the first 
byte of this data has been serialized out. In word mode this cor- 
responds to data loaded into the TXFIFO on data bus D0-D7. 

While the first 16 bytes are being loaded into the TXFIFO, the LNET 
is monitoring the SENSE input. Upon SENSE negation, the Trans- 
mitter waits 96 TXCLKs (strict IEEE 802.3 or Ethernet application, 
otherwise the delay follows whatever is programmed into Mode 
Register bits 5-7) and then serializes out the first byte of data on 
TXDATA if the TXFIFO is half full (if it is not half full yet, the LNET 
returns to monitoring SENSE). If SENSE is active the LNET waits 
until it is negated and then starts the Interframe Delay Counter. 

At the terminal count of the Interframe Delay Counter, the first 
preamble bits are shifted out under TXCLK control and the trans- 
mitter b egins to monitor the SIGQUAL input. At the same time, 
TXREQ is asserted again and another 16-byte data burst is trans- 
ferred into the empty half of the TXFIFO. 



As the TXFIFO Output Pointer (TOP) advances to the first byte of 
the most recently filled half of the buffer, TXREQ is again asserted 
to reload the half just emptied. 



Upon the assertion of the DONE input by the DMAC (at the time 
of the last byte or word transfer), the transmitter finishes serial- 
izing the last bytes out, zeros the TXFIFO Input Pointer (TIP) and 
serializes the contents of the CRC Register out on TXDATA. 

If SIGQUAL is asserted by the MCC during the first 512 TXCLKs, 
the LNET assumes there has been a collision between its own 
transmission and that of another node in the network. The 
response of the LNET at its MCC interface is to abort the frame 
transmission after appending a Jam signal consisting of alter- 
nating zeros and ones to it. Internally the LNET enters the Binary 
Exponential Backoff Algorithm. The Jam signal is sent whenever 
the LNET has successfully contended for the medium and then 
has been interrupted in its transmission during the collision 
window. 

DMA TRANSFER MODES 

The response of the LNET at its MPU/DMAC interface to a colli- 
sion is programmable to one of two modes in the Mode Register 
at initialization. 

This allows for the LNET to be used with DMACs of differing capa- 
bilities. Specifically, some DMACs need to be reinitialized by the 
MPU if they are to restart a bloc k transf er that h as b een aborted 
by a peripheral's assertion of a DONE and an IRQ. Others are 
capable of automatically re-starting a block by themselves if a 
DONE is detected during a transfer. 

lyiode One: Assert IRQ On Collision. 

Assertion of SIGQUAL during the first 512 TXCLKs after transmis- 
sion begins sets the collison code (010) in the encoded Transmitter 
Status field in Status Register 1 and increments the Collision Count 
field in Status Register 2 by one. Next, IRQ is asserted, and the 
Interrupt Vector Number from the Int errupt Vector Number 
Register is output on the data bus when lACK is asserted. 

The MPU processes the interrupt by reading the status registers 
to determine the cause of the interrupt and to clear the interrupt. 
The MPU then reinitializes the DMAC and gives the transmit com- 
mand to the LNET to reload the first 16 bytes of the aborted data 
packet into the TXFIFO. Meanwhile the LNET is sending the Jam 
signal followed by a delay interval determined by the Binary 
Exponential Back-off Counter. At the end of this time interval the 
LNET begins to transmit the preamble and delimiter again if the 
TXFIFO has been reloaded with the first 16 bytes of the packet. 
If the TXFIFO has not been reloaded by the time the Jam signal 
and the back-off delay interval are over, the LNET will wait for data. 



Mode Two: Assert DONE On Collision. 

Upon the assertion of SIGQUAL during the first 512 TXCLK s, the 
LNET zeros the TXFIFO Input Poin ter (TIP ), asserts DONE to the 
DMAC concurrently with the next DACK sign al, incre ments the 
retry count and remains in the transmit mode (TXREQ asserted, 
etc.), the JAM is sent, and the Back-off delay is observed. In the 
meantime, 16 bytes of data are loaded into the TXFIFO by the 
DMAC. The packet is then transmitted as before. 

If the MCC asserts SIGQUAL after the first 512 TXCLKs, IRQ is 
asserted and the Transmitter Status field in Status Register 2 is 
set to Oil 
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Figure 4. Typical Interface to a 16-Bit Data Bus CPU 
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Figure 5. lypical Interface to an 8-Bit Data Bus CPU 
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Figure 6. LNET Read Timing 
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Figure 7. LNET Write Timing 
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Figure 8. DMA Timing: Memory to LNET 
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Figure 9. DMA Timing: LNET to Memory 
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Figure 10. Interrupt Timing 



6-298 



R68802 



Local Network Controller (LNET) 



■< T27- 



TXDATA 



TXEN 



MAUAVAIL 
SIGQUAL 



ISOLATE 
MAUREQ 
MiLOOP 



^k / ^. 



T30 



-C 

J 



TT 



T31 



-T28^ 



-<— T29- 



Jf 



^._y V 



X 



X 



T30 



^. 



T32 



>: 



NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 2.0 VOLTS, 
UNLESS OTHERWISE NOTED. 



Figure 11. Serial Interface Timing: Transmitter 
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NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 2.0 VOLTS, 
UNLESS OTHERWISE NOTED. 



Figure 12. Serial Interface Timing: Receiver 
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SPECIFICATIONS 



AC ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ± 5%, Vss = Vdc, Ta = to 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Notes 


T1 


CS or DS Pulse Width 


80 


— 


— 


ns 




T2 


R/W Setup to CS or DS Low 


25 


— 


— 


ns 




T3 


R/W Hold After CS or DS High 


20 


— 


— 


ns 




T4 


CS or DS Low to DTACK Low 


20 


40 


80 


ns 




T5 


CS or DS High to DTACK High 


20 


40 


100 


ns 




T6 


CS or DS Low to DATA Valid 





— 


320 


ns 




T7 


DATA Float After CS or DS High 





— 


40 


ns 




T8 


DATA Setup to CS or DS High 


240 


— 


— 


ns 




T9 


DATA Hold to CS or DS High 


30 


— 


~ 


ns 




T10 


DS or DACK Low Pulse Width 


80 


— 


— 


ns 




T11 


DS or DACK Higi. Pulse Width 


210 


— 


— 


ns 




T12 


DS or DACK High to TXREQ High 


— 


— 


230 


ns 




T13 


DATA or DONE Setup to DS or DACK High 


65 


— 


— 


ns 




T14 


DATA Hold to CS or DACK High 


35 


— 


— 


ns 




T15 


DONE Low Pulse Width 


70 


— 


— 


ns 




T16 


DONE Low to TXREQ High 


— 


— 


3(T27) + 300 


ns 




T17 


DACK or DS Low to DONE Low 


— 


— 


100 


ns 




T18 


"DACK or DS High to DONE High 


— 


— 


80 


ns 




T19 


DS or DACK High to RXREQ High 


— 


— 


370 


ns 




T20 


DS or DACK Low to DATA Valid 


— 


— 


70 


ns 




T21 


DATA Float After DS or DACK High 





— 


40 


ns 




T22 


lACK or DS High to IRQ High 


— 


— 


3(T27) + 380 


ns 




T23 


lACK or DS Low to DTACK Low 


20 


40 


80 


ns 




T24 


lACK or DS High to DTACK High 


20 


40 


100 


ns 




T25 


lACK or DS Low to DATA Valid 





— 


320 


ns 




T26 


DATA Float After lACK or DS High 




— 


50 


ns 




T27 


TXCLK or RXCLK Period 


100 


— 


2000 


ns 


2 


T28 


TXCLK or RXCLK Low Time 


50 


— 


— 


ns 


2 


T29 


TXCLK or RXCLK High Time 


50 


— 


— 


ns 


2 


T30 


TXCLK Low to TXDATA or TXEN Valid 


— 


— 


70 


ns 




T31 


MAUAVAIL or SIGQUAL Setup to TXCLK 


100 


— 


— 


ns 




T32 


TXCLK Low to MAUREQ, MILOOP, ISOLATE Active 


— 


— 


90 


ns 




T33 


RXDATA Hold to RXCLK High 


20 


— 


~ 


ns 




T34 


RXDATA, SENSE, Setup to RXCLK High 


30 


— 


— 


ns 




T35 


SENSE Hold to RXCLK Low 


30 






ns 




Notes: 

1 . Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 

2. Measured at 1 5V. 
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MAXIMUM RATINGS 



Characteristics 


Symbol 


Value 


Supply Voltage 


Vcc 


-0.3 to +7.0V 


Input Voltage 


V,N 


-0.3 to +7.0V 


Operating Temperatures 


Ta 


to TO^C 


Storage Temperature 


TSTG 


-55 to +150°C 


THERMAL CHARACTERISTICS 


Characteristics 


Symbol 


Value 


Rating 


Thermal Resistance 
Ceramic 
Plastic 


<?JA 


50 
68 


^C/W 

°c/w 



NOTE: This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
normal precautions should be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high- 
impedance circuit. Reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic voltage level (e.g., either 
Vss or Vcc)- 



DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = to 70**C unless otherwise noted) 



Characteristics 


Symbol 


Min. 


Max. 


Unit 


Test Conditions 


Input High Voltage 


V|H 


+ 2.0 


Vcc 


V 




Input Low Voltage 


V|L 


-0.3 


+ 0.8 


V 




Input Leakage Current 


i|N 


— 


10 


mA 


V,N = to 5.25V 


SIGQUAL, TXCLK, MAUAVAIL, R/W, RESET, CS, 
lACK, DS, DACK, RXCLK, SENSE, RXDATA 


Input Leakage Current for Three State (Off) 
D0-D15 


Itsi 


— 


10 


/iA 


V|N = 0.4 to 2.4V 
Vcc = OV 


Output High Voltage 


VOH 


+ 2.4 
+ 2.4 
+ 2.4 


- 


V 
V 
V 


Vcc = 4.75 V 

Iload= -400/.A,Cload=130pF 
'load = -400)«A,Cload = 32 pF 
'load = 0. Cload = 30 pF 


RXREQ, TXREQ, DTACK, 

D0-D15, MILOOP, MAUREQ, ISOLATE 

TXEN, TXDATA 


Output Low Voltage 


Vol 


- 


0.5 
0.5 


V 

V 


Vcc = 4.75V 
'load = 3.2 mA 

'load = 8-8 mA 


RXREQ, TXREQ, TXEN, TXDATA, DTACK, D0-D15 


MILOOP, MAUREQ, ISOLATE 
IRQ, DONE 


Power Dissipation 


Pint 


— 


1.0 


w 


Ta = 25°C 


Input Capacitance 


C|N 




13 


PF 


Vcc = 5.0V 
V,N = OV 
f = 1 MHz 
Ta = 25°C 
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PACKAGE DIMENSIONS 



40-PiN CERAMIC DIP 



L B 



iu-l 



fi± 



iJ\ L Jkj M 



40-PIN PLASTIC DIP 



nnnnnnnnrinnnnnnnnrin^ 



yjyj\i'\ji\j\^\ji\j>\j\f\^\j\j\^\^\jKJ\Ji\^yj 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50 29 


5131 


1980 


2 020 


B 


1511 


15 88 


595 


625 


C 


2 54 


4 19 


100 


0.165 


D 


38 


53 


015 


021 


F 


76 


140 


030 


055 


G 


2 54 BSC 


100 BSC 


H 


76 


1 78 


030 


070 


J 


20 


33 


008 


013 


K 


2 54 


4 19 


100 


165 


L 


14 60 


15 37 


575 


0.605 


M 


0° 


10° 


0° 


10° 


N 


51 


152 


020 


060 



^ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51 28 


52 32 


2 040 


2 060 


B 


13 72 


14 22 


540 


560 


c 


3 55 


5 08 


140 


200 


D 


36 


51 


014 


020 


F 


1 02 


1.52 


040 


060 


G 


2 54 BSC 


0100 BSC 


H 


165 


2 16 


065 


085 


J 


20 


30 


0.008 


012 


K 


3 30 


4 32 


130 


170 


L 


15 24 BSC 


600 BSC 1 


M 


7° 


10° 


7° 


10° 


N 


51 


102 


020 


0.040 
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R8069EB 
R8069 Evaluation Board 



SUMMARY 

To aid you in understanding how the R8069 Line Interface 
Unit (LIU) connects to the physical T-1/CEPT PCM 30 
transmission medium, Rockwell offers the R8069 Evalua- 
tion Board (R8069EB). The R8069EB exercises all the 
modes of operation of the R8069. You can also interface 
the Rockwell R8070 T-1/PCM 30 transceiver to this board 
to perform various system tests. 

The R8069EB comes complete with a kit containing one 
R8069 LIU, two crystals, two transformers, status LEDs, 
selection switches, peripherial logic, unipolar and bipolar 
input/output banana plugs, and a comprehensive, easy-to- 
follow user's manual. 



FEATURES 

6" X 8" card on stand-offs for easy access to all pins 

Requires only a single +5 Vdc power supply 

On-board receive/transmit transformer alows direct 
connection to T-1/PCM 30 lines 

Provides test access to R8069 device 

Four LED indicate error status 
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R8070EB 
R8070 Test/Evaluation Board 



SUMMARY 

To aid you in understanding tlie T-1 carrier and tlie R8070 
PCM30 formats, an R8070 Test/Evaluation Board 
(R8070EB) lias been developed by Rockwell. This useful 
board also clarifies the operational differences between 
modes, allows R8070 check-out against a known good 
device and allows interface to the R8071 ISDN/DMI Link 
Layer Controller and the R8069 Line Interface Unit with 
additional hardware. 

The R8070 Test/Evaluation Board comes complete with a 
kit containing one R8070, peripheral logic, selection 
switches, status LEDS that allow the user to view most 
functions of the R8070 T-1/CEPT PCM30 Transceiver 
within each mode of operation. Also included is a com- 
prehensive, easy-to-follow user's manual. 



FEATURES 

• 8" X 12" card on stand-offs for easy access to all pins 

• Uses single +5 Vdc supply at 400 to 650 mA 

• Zero insertion force quad in-line socket for the 
R8070 

Plated-through holes interconnected for 68-pln chip 
carrier "J" socket 

• Plated-through holes for R6500/1 2 CPU 

Two working spaces to add user-defined circuitry 
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R8071EB 
R8071 Evaluation Board 



SUMMARY 

To aid you in the design of ISDN Primary Rate (T-I/PCIVI- 
30) communications systems, Rockwell offers the R8071 
Evaluation Board (R8071 EB). This board allows you to in- 
crease your understanding of the Physical Layer and the 
Link Layer of the ISDN protocol. The R8071 EB provides a 
menu-driven, user-friendly interface program accessible 
from a terminal or personal computer equipped with an 
RS-232-C interface. The software allows for easy system 
configuration, acceptance of input data from the keyboard, 
and display of transmitted data and data link condition on 
the terminal/PC monitor. The transmit and receive data is 
automatically formatted and unformatted, respectively, ac- 
cording to ISDN, DMI, T-1, and PCM30 standards with 
minimal user effort. The board also allows functional 
check-out of the R8071 , and provides test access to the 
R8069 and R8070 devices. 

The R8071 Evaluation Board comes assembled and in- 
cludes three communication devices (R8069 Line Inter- 



face Unit, R8070 T1/CEPT PCM Transceiver, and R8071 
ISDN/DMI Link Layer Controller), RS-232-C and 
peripheral logic. Status LEDs, and a Reset switch. A com- 
prehensive, easy-to-follow user's manual guides you 
through a series of tests and procedures to familiarize you 
with complete board operation. 

FEATURES 

10" X 12" multi-layer printed circuit board (PCB) on 
stand-offs for easy access to all pins 

Allows R8071 to be evaluated in all possible con- 
figurations 

• Provides test access to R8069 and R8070 
Uses single +5 Vdc power supply 

• Accessible via terminal/or personal computer with 
the use of RS-232-C interface 

On-board coupling transformers allow direct connec- 
tion to T-1 or PCM30 links (jumper selectable) 

User-friendly menu-driven program 
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R8069/R8069A 

Application Note 



R8069/R8069A Interface Transformer 
Specifications and Connections 



INTRODUCTION 

The R8069 Line Interface Unit (LIU) and R8069A LIU in- 
terface to a T-1/PCM-30 carrier line through transmit and 
receive coupling transformers. This application note 
specifies the electrical characteristics of these coupling (or 
interface) transformers. In addition, R8069/R8069A con- 
nections to typical transformers are shown. 

TRANSFORMER SPECIFICATIONS 

The transformers must meet the following specifications: 
Transmit Transformer: 



TYPICAL CONNECTIONS 

Transformers are available from numerous manufacturers 
that meet the required transmit and receive transformer's 
specifications. 

As an example, this application note uses the following 
Pulse Engineering's FALCON series transformers: 



Part Number 

PE-64943 
PE-64934 
PE-64954 



Name 

FALCON 27.1 
FALCON 28.0 
FALCON 31.1 



Turn Ratio: 
Rise/Fall Time: 
Serial Resistance: 
Primary Inductance: 
Isolation Voltage: 
Insulation Resistance: 
Average Power Rating: 
Leakage Inductance: 



1CT.2CT 

22 ns maximum 

0.7 Q maximum 

1 .0 mH minimum 

ISOOVrms 

10,000 MQ minimum 

500 mW 

0.30 ^H minimum 

0.55 |xH maximum 



Receive Transformer: 

Tum Ratio: 
Rise/Fall Time: 
Serial Resistance: 
Primary Inductance: 
Isolation Voltage: 
Insulation Resistance: 
Average Power Rating: 
Leakage Inductance: 



1:1 

22 ns maximum 

0.7 Q maximum 

1.0 mH minimum 

1500Vrms 

10,000 MQ minimum 

500 mW 

0.55 ^H maximum 
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R8069/R8069A Interface Transformer 



CASE 1 - Interface to T-1 Lines Using Separately 
Paclcaged Transmit and Receive Transformers 

Figure 1 illustrates how to interface the R8069 to T-1 lines 
through separately packaged transmit and receive trans- 
formers. The transmit transformer is a FALCON 27.1 and 
the receive transformer is a FALCON 28.0. 



TXOUTP 



TXOUTN 



R8069/R8069A 
LIU 



RXINP 



RXINN 



0.1jiF = 
±10%x;ir 



T1 



FALCON 27.1 



4 TOTX 

— o N/C T-1 LINES 



T2 




FALCON 28.0 



TORX 
T-l LINES 



Figure 1. Separate Transformer Connections 
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R8069/R8069A Interface Transformer 



CASE 2 - Interface to T-1 Lines Using an Integrated 
Transmit and Receive Transformer 

Figure 2 illustrates how to interface the R8069 to T-1 lines 
through a FALCON 31 .1 , which contains both the transmit 
transformer and the receive transformer in a single pack- 
age. 



CASE 3 - Interface to CEPT PCM 30 Lines 

The interface configurations that are illustrated in Case 1 
and Case 2 can be applied to a CEPT PCM 30 line simp- 
ly by installing a 75 Q or 120 Q resistor for R1 depending 
on the application. 

For driving a twisted-pair cable to a digital cross connect, 
the terminating resistor should be 120 Q. In this case, the 
R8069 line equalization should be set to select 120 Q 
(ELS3 = 1, ELS2 = 1. ELS1 = 0). 

The terminating resistor should be 75 Q and R8069 line 
equalization set to 75 Q (ELS3 = 1 , ELS2 = 1 , ELS1 = 1) 
for driving a coaxial cable. 



TXOUTP 



TXOUTN 



R8069/R8069A 
LIU 

RXiNP 



RXINN 




T1 



FALCON 31.1 



lioN/C TOTX 

T-l LINES 
12 



TORX 
T-1 LINES 



Figure 2. Integrated Transformer Connections 
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Which Mode For 
Data Transmission? 



INTRODUCTION 

The T1 digital transmission system was developed as a means 
for increasing cable capacity, originally for voice transmission. 
Twenty four multiplexed, PCM encoded voice channels plus 
associated signaling can be simultaneously transmitted over a 
single twisted-pair cable at 1.544 Mbps. 

The T1 system may, however, also be used for the direct transmis- 
sion of digital information. When selecting a suitable mode for 
data transmission, the following subjects should be considered. 

• R8070 Mode 

• Zero Suppression 

• Signaling 

• Synchronization 

R8070 MODE 

The R8070 T1/CEPT PCM Transceiver has eleven operating 
modes covering the standard data formats, with or without signal- 
ing, of both the North American T1 and European CEPT PCM 
30 transmission standards. These modes are summarized in 
Table 1. 

Each mode is characterized by the number of bits per frame 
(193, 197, or 256), the availability of signaling (N, S, E or F) and 
the method of zero-suppression (B8ZS, B7 or HDB3). 

ZERO SUPPRESSION 

To maintain the D.C. line voltage near zero and to facilitate clock 
recovery, the transmitted T1 signal must contain no more than 



15 consecutive zeros. The R8070 implements several forms of 
zero suppression to accommodate the requirements of each 
transmission standard. 

B7 BIT-7 STUFFING 

If the eight data bits in a channel would otherwise be all zeros, 
bit 7 is forced to a "1". Do not confuse this term with the method 
of adjusting clock timing — no extra bits are "stuffed" in zero 
suppression. 

Since a bit which is forced to "1" looks like a valid "1", it is not 
possible for the receiver to recover the original data. This tech- 
nique is therefore not suitable for data transmission. (The error 
is insignificant in voice transmission.) 

B8ZS BIPOLAR 8-ZERO SUBSTITUTION 

This method uses a special code to represent the occurrence 
of eight consecutive zeros. Note that these eight zeros may 
include the Terminal Framing (Ft) bits, Signaling Framing (Fs) 
bits, or Link bits; they are not restricted to the eight channel-bits 
as they are in the 87 method. 

Since the special 8-zero code includes intentional bipolar viola- 
tions in a predetermined sequence, the receiver can recover the 
original data pattern. This technique is therefore suitable for data 
transmission. 

HDB3 HIGH DENSITY BIPOLAR 3-ZERO 

This method is similar to B8ZS but allows only three consecutive 
zeros before applying zero suppression. This is required by the 
European CEPT PCM 30 standard. Intentional bipolar violations 
are used to allow recovery of the original data. This technique 
is suitable for data transmission. 



R8070 Operating Mode Selection and Characteristics 



Mode 


Data Rate 
(Mbps) 


Bits/Frame 


Frames/Multiframe 


Signaling 


Zero Suppression 


Mode Select Lines 


PCM Format 


Ml 


M2 


MS 


M4 


193S 
193S 
193N 
193N 


1.544 


193 


12 

12 

4 

4 


Yes 
Yes 
No 
No 


BBZS 
B7 

BBZS 
B7 


1 

1 






1 
1 










T1 (D4) 


193E 
193E 
193F 


1.544 


193 


24 
24 
24 


Yes 
Yes 
Special 


BBZS 

B7 

BBZS 


1 


1 


1 
1 






1 
1 
1 


Extended 
Superframe 
Format (ESF) 


197S 
197N 


1.576 


197 


12 
4 


Yes 
No 


Transparent 
Transparent 


1 
1 




1 










TIC 


2568 
256N 


2.048 


256 


16 
2 


Yes 
No 


HDB3 
HDB3 








1 










CEPT 
PCM 30 


Notes: 87: Bit 7 is forced to a 1 (stuffed) on an otherwise all zero channel. HDB3: High Density Bipolar 3-zero maximum. 
B8ZS. Bipolar 8-zero substitution. Transparent: No zero suppression or substitution. 
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Which IMode For Data Transmission? 



TRANSPARENT 

No zero suppression takes place, the zeros are transmitted intact. 
The transparent mode is used in the 197 modes which are 
Intended for T1C applications. It may also be invoked at any time, 
by connecting RPOS to RNEG, to facilitate testing. 

When connecting RPOS to RNEG, do not leave them connected 
to TPOS and TNEG as this would short circuit the transmitter 
outputs. In a local test of the transmitter and receiver of an R8070, 
it is convenient to connect TNRZ to RPOS and RNEG. If TPOS 
and TNEG are from a remote source, they should be OR'd and 
connected to RPOS/RNEG to invoke the transparent mode. If 
it Is desired not to have the receiver operate, connect RPOS to 
RNEG to logic 0. This avoids RPOS = RNEG = 1 which would 
Invoke the transparent mode thus disabling the B8ZS or HDB3 
zero suppression. Under no circumstances should RPOS and 
RNEG be left floating. 

SIGNALING 

In the European CEPT PCM 30 standard, a separate channel 
(time slot 16) is allocated for signaling so there is no interference 
with the data channels, which may convey data or voice Infor- 
mation without restriction. 

In the North American T1 standard, the signaling information is 
conveyed within the data channel by replacing data bit 8 with 
a signaling bit A (for each channel in frame 6) and a signaling 
bit B (for each channel in frame 12). For voice communication 
this loss of information is not important, but in data communica- 
tion it produces unacceptable errors and should be avoided. 

In the non-signaling modes, the A and B signaling bits are not 
inserted. At first this appears to be satisfactory for data transmis- 
sion, but see the notes on synchronization below. 

In the signaling modes it is possible to avoid the insertion of the 
signaling bits: 

SERIAL DATA INTERFACE TO THE 
TRANSMITTER — TSER 



If TSIGMD = 
If TSIGMD = 



0, the signaling bits are input via lA and IB. 

1, the signaling bits are input via TSER. 



If TSIGMD is set to "1" the serial data input Is correctly 
transmitted because the signaling bits are assumed to be con- 
tained within the data stream. 



PARALLEL DATA INTERFACE TO THE 
TRANSMITTER — T1-T8 

In this case, A and B signaling bits must be supplied via lA 
and IB. To preserve correct data transmission, lA and IB may 
be tied together and connected to T8. Thus the signaling bits 
take the same value as the data bits they replaced. 

SYNCHRONIZATION 

The R8070 uses the received Ft and the Fs pattern to establish 
and maintain synchronization with the frame and multiframe 
structure. Ft is simply an alternating sequence of "0"s and "1"s 
which can usually be distinguished from the random pattern of 
digitalized voice contained in the channels. However, this simple 
pattern is more readily imitated by data signals, which may be 
less random in nature. Thus It may be more difficult to preserve 
synchronization when data is transmitted. 

Those modes which Include signaling usually have more frames 
per multiframe and carry a longer, more easily identified fram- 
ing pattern. This facilitates synchronization in the presence of 
data signals. 

The longer F bit sequences in the Extended Framing modes 
(193E and 193F) provide even greater assurance of correct syn- 
chronization. In addition, they include a 6-bit cyclic redundancy 
checksum (ORG bits) that allows detection of 98.4 percent of error- 
containing frames. 



SUMMARY 

When considering a suitable mode for data transmission: 

1. Don't use B7 zero suppression—it forces data errors; use 
B8ZS or HDB3. 

2. Avoid "robbed" signaling bits that overwrite data bit 8. For 
parallel data input, tie lA to IB to 18. For serial data input, select 
TSIGMD = 1. 

3. Signaling modes may facilitate synchronization in the 
presence of "Ft Imitating" data. 

4. The Extended Framing modes provide a cyclic redundancy 
check for detection of 98.4% of error-containing frames. 
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Monitoring and Controlling 
the Synchronization State 



INTRODUCTION 

This note describes the signals that ailow the R8070 synchronizer 
state to be monitored and controlled. 

Figure 4-1 on page 4-3 of the R8070 Designer's Guide (Order 
No. 313, Rev 1) shows the various states through which the 
Master State Controller passes as it gams or loses synchroniza- 
tion Each of the eight states is represented by a three-bit number 
MS3, MS2 and MS1, where MS3 is the most significant bit. 

The current synchronization state may be monitored and con- 
trolled by various status outputs and control inputs Further 
information may be derived by logical combinations of the 
available signals See the referenced paragraph in the R8070 
Designer's Guide for additional information 



MS1, MS2, MS3 — MASTER STATE 
SEQUENCE CODE (PARA. 5.3.7.1) 

In 193N and 193S modes, MSI and MS2 are available at pm 35 
(OF) and pm 36 (OG), respectively These signals are not 
available in other modes 

In all modes, RRED (Red Alarm) is the same as "Inverse MS3" 
RRED goes high to indicate a loss of frame sync (in states Wait, 
Init, Search, and Demons), and goes low to indicate correct frame 
sync (in states P1, P2, P3 and "In Sync") The "In Sync" state 
indicates that both the frame and multiframe are aligned 
(synchronized). 

To produce a separate logic function for Multiframe sync, the 
following circuit may be used. 



PIN NAME SIGNAL 

35 OF MSI - 

36 OG MS2 - 

38 RRED MS3 



Alternatively, by applying De Morgan's theorem to the logic 
function for M. 




M = MS1.MS2 + MS3 

M = 1 FOR LOSS OF MULTIFRAME SYNC. 



PIN NAME SIGNAL 
35 OF MSI - 



36 OG MS2 



38 RRED MS3- 



-t>^ 



O^ 



M = MS1.MS2.MS3 

M = 1 FOR LOSS OF MULTIFRAME SYNC. 



MS3 

1 FOR LOSS OF FRAME SYNC. 



MS3 

1 FOR LOSS OF FRAME SYNC. 



RSYNC — RECEIVER SYNCHRONIZATION 
STATE (PARA. 5.3.2.3) 

This output may be decoded to provide an indication of the sync 
state It IS useful in modes other than 193N and 193S that do 
not have MSI and MS2 available. 

RSYNC also provides a useful marker pulse occurring at the first 
F-bit of each multiframe. This pulse is only valid if the receiver 
IS multiframe aligned (i.e., in the "In Sync" state of the syn- 
chronizer sequence). 

RMRST — RECEIVER MASTER 
RESTART (PARA. 5.3.1.3) 

This input may be set to a "1" at any time to force the syn- 
chronizer back to the "Wait" state and thereby begin the syn- 
chronization process again. The "Wait" state is held as long as 
RMRST IS high 

RSRCH — RECEIVE SEARCH 
CONTROL (PARA. 5.3.1.4) 

If, while in the "Wait" state, RSRCH goes low, the synchronizer 
remains in the "Wait" state. RSRCH does not, however, force 
the synchronizer to the "Wait" state, as RMRST does. 

The normal use of this input is during correct frame alignment 
(I.e., when RRED = 0). If RSRCH is set to a "0", bit 5 is skipped 
in the first channel of the first frame of the next multiframe This 
bit slipping allows elastic stores to recenter, which is necessary 
if transmit and receive clock frequencies are marginally different. 



Document No. 29300N20 



8-8 



Order No. 320 
September 1986 



Application Note IMonltoring and Controlling the Synchronization State 

D1D s D2 = 1 — SYNCHRONIZATION be selected by D1D and D2 for compatibility with D1D or D2 chan- 

LOCK (PARA. 5.2.1.1) n@' banks, or to be in normal numerical sequence according to 

the CCITT convention. 
When a serial data interface to R8070 is used, RSQ1-RSQ5 

(Receive Sequence Code) and TSQ1-TSQ5 (Transmit Sequence In addition, if D1D = D2 = 1 then the normal CCITT numbering 

Code) indicate which channel has been received or is to be sequence is used, and, once in synchronization, the receiver is 

transmitted. These codes equal the five-bit binary value of the locked in that state and will not attempt to resynchronize, even 

channel number. The order in which the codes are produced can if frame errors occur. 
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INTRODUCTION 

The signal RVLL is available in all modes and provides a com- 
bined indication of "Bipolar Violation" and "Loss of Carrier" for 
T1 modes. This note describes a method to separate the two 
signals. (For CEPT PCM 30 modes, RVLL indicates only Bipolar 
Violation, so no separation is required.) 



BIPOLAR VIOLATION 

A bipolar violation of the Alternate Mark Inversion (AMI) code, 
where "V's are represented alternately as positive and negative 
pulses, is an occurrence of a pulse of the wrong polarity. To 
indicate a bipolar violation, RVLL goes high coincident with the 
emergence of the accused bit at RSER. 

LOSS OF CARRIER 

A loss of carrier means that no pulses are detected of either 
polarity; in other words, continuous zeros are received. To 
indicate loss of carrier, RVLL goes high coincident with the 
emergence of the 31st zero at RSER. RVLL will return to zero 
when a "1" is received that is not a bipolar violation. 

The term "loss of earner" is rather confusing since there is no 
carrier in a T1 system. The channel data at 64 kbps is time- 
division multiplexed to a higher data rate of 1.544 Mbps but not 
modulated, hence there is no carrier. 

The clock is not actually "recovered" from the data, rather, a 
local clock is synchronized to the incoming data rate. Hence a 
loss of pulses on the line does not stop the Receive Clock, 
although the clock may drift out of synchronization. A lack of 
data pulses indicates a transmitter or transmission fault and this 
is indicated by the "Loss of Carrier" signal. 



The circuit shown in Figure 1 separates these two signals on 
this basis. 



BIPOLAR VIOLATION 




NOTES: 1. A RECEIVED VALID PULSE CAUSES RVLL TO 
GO LOW. 
2. RVLL REMAINS HIGH IF THE RECEIVED PULSE 
IS A BIPOLAR VIOLATION. 



Figure 1 . Bipolar Violation/Loss of Carrier 
Separation Circuit 



Nominally, RSER and RVLL transition simultaneously but a slight 
timing difference could result in a glitch at the outputs of this 
circuit. To overcome this glitch, the outputs BP and LC should 
be latched on the falling edge of RCLK to avoid the transitions 
on the rising edge of RCLK (Figure 2). 



SIGNAL SEPARATION 

These two signals may be distinguised by examining the logic 
value of RSER. 

1. A bipolar violation can only be caused by a received pulse 
(of the wrong polarity). This pulse represents a binary 1, so 
RSER will be "1". 

2. A loss of carrier implies the reception of consecutive zeros, 
so RSER will be "0". 



no .., ' ** ** ■ 


RCLK — ^O-t 


rb— 




— c 



Figure 2. BP and LC Latch Circuit 
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Producing AMI Code from 
TPOS and TNEG 



INTRODUCTION 

AMr— ALTERNATE MARK INVERSION 

AMI is a transmission code where binary zeros are represented 
by zero volts and binary ones are represented alternately as 
positive or negative pulses. In the T1 system, the pulses are about 
3 volts in amplitude with a pulse shape conforming to the pulse 
"mask" described in the CCITT Recommendation G.703. A Line 
Interface Unit (LIU) must be used to convert the R8070 TIL 
signals to AMI format and provide the required pulse shaping. 

AMI code is used for several reasons: 

1. It's a bipolar code having an equal number of positive and 
negative pulses with a resultant D.C. voltage of zero. This A.C. 
signal allows the use of transformers to couple the LIU to the 
T1 line, thus facilitating the design of protection devices (e.g., 
for lightning protection). 

2. The signal frequency is effectively halved. The maximum 
frequency occurs for the transmission of an alternating 
sequence of zeros and ones. Intuitively, if alternate ones are 
represented by negative pulses, the period between adjacent 
positive impulses is twice as long. Hence, the bandwidth 
required to transmit data in bipolar AMI format is half that 
required for the original unipolar data. 

3. Any noise on the line which is large enough to be mistaken 
for a data pulse can be rejected as a bipolar violation If it has 
the same polarity as the previous pulse. AMI therefore allows 
some error protection to be provided. 



NRZ-^NON-RETURN-TO-ZERO 

A logic level that is maintained for the complete bit time. In the 
T1 system the clock rate is 1.544 Mbps so the bit time is thus 
648 ns. 

RZ— RETURN-TO-ZERO 

A logic level that is maintained for part (usually half) of a bit time. 
This is used in the AMI code. 

TNRZ— TTL LEVEL NON-RETURN-TO-ZERO 

A standard TTL-level, Non-Return-To-Zero, binary output. 

TPOS, TNEG 

A pair of R8070 outputs both of which are NRZ, positive voltage, 
TTL-level signals. They assist in producing an AMI coded ver- 
sion of the standard TTL binary output from TNRZ. They are not, 
themselves, in AMI format. 

UNIPOLAR TO BIPOLAR AMI CONVERSION 

The circuit in Figure 1 shows a typical method of converting from 
the paired, unipolar NRZ outputs, TPOS and TNEG, to an RZ 
AMI code suitable for transmission over a T1 line. 

Data outputs TPOS and TNEG are first gated with the inverse 
of TOLK. This selects the second half of each bit-wide data pulse 
producing RZ versions, TPOS(RZ) and TNEG(RZ). The second 
half is chosen because it is stable; the first half includes the tran- 
sition of the leading edge. 



TPOS (RZ) 



TPOS- 



TNEG- 



TCLK 



-o-J 



t)^ 



DS75452 



^^Y< 




LINE 



TNEG (RZ) 



A. CIRCUIT 



TNRZ J I r 

TPOS J I 

TNEG I I \ L 

TCLK JUljrTJUlXLJTJ" 

TPOS (RZ) n n 

TNEG (RZ) ri PL 



AMI LINE 



B. WAVEFORMS 



"\A 




Figure 1. Typical AMI Line Interface and Waveforms 
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These RZ pulses are applied to a pair of push-pull driver This is not intended to be a detailed.circuit schematic; it describes 

transistors, producing positive pulses from TPOS(RZ) and only the concept of AMI conversiph- 

negative pulses from TNEG(RZ) which are coupled to the line 
by a pulse transformer. 
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Zero Suppression Methods 
(B7, B8ZS and HDB3) 



INTRODUCXnON 

This note explains how the B7, B8ZS and HDB3 zero suppres- 
sion methods are implemented in the R8070 and describes 
typical waveforms at the R8070 transmitter outputs TNRZ, TPOS 
and TNEG. 

ALTERNATE MARK INVERSION (AMI) CODE 

Figure 1 reviews the basic Alternate Mark Inversion (AMI) code. 
Inverse TCLK is gated with TPOS and TNEG to produce the 
return-to-zero, alternating bipolar pulse of AMI. 

A bipolar violation (BV) is a pulse of the same polarity as that 
which precedes it. Figure 1 illustrates an example of a bipolar 
violation caused by noise on the transmission line.. 

The R8070 will decode a BV to a "1" and present it at RSER 
with a coincident pulse on RVLL to indicate a violation. The R8070 
does not internally suppress bipolar violations; that is left as an 
option for the user to implement externally, using the RVLL signal. 
However, if the R8070 detects a zero substitution pattern of BVs, 
then the received "1"s are replaced by "0"s to recover the original 
data. In this case RVLL remains low. 

Both the North American T1 system and the European CEPT 
PCM 30 system require AMI line code. Also, they both require 
a minimum "ones density", so the number of consecutive zeros 
must be limited using a method of zero suppression. The T1 
system uses either B7 or B8ZS; the CEPT PCM 30 system uses 
HDB3. 



ZERO SUPPRESSION METHODS 

B7— BIT-7 STUFFING (ZERO CODE SUPPRESSION) 

The incoming channel data to the R8070 transmitter is monitored 
for an all zero condition. If all eight bits are zero, bit-7 is forced 
to a "1" and the resulting 00000010 pattern is transmitted in 
place of 00000000, with the "1" correctly output on TPOS or 
TNEG (i.e., not a bipolar violation). The "1" is also output on 
TNRZ. An alternative name for this method is Zero Code 
Suppression. 

At the receiver, the "stuffed 1" cannot be distinguished from 
a normal "1", so the original data cannot be recovered. 

Note that zero monitoring is performed on a channel basis and 
also excludes the F-bit. It is possible for more than eight con- 
secutive zeros to be transmitted. For example, if only bit 1 of 
channel N is "1" and channel N + 1 is all zero, then channel 
N + 1 would have have bit 7 forced to "1 " and there would be 
13 consecutive zeros (bits 2-8 of channel N and bits 1-6 of chan- 
nel N + 1). The standard requires that no more than 15 con- 
secutive zeros be transmitted. 

Figure 2 shows typical B7 waveforms. Channel 23 contains 
arbitrary data "1 "s at bits 6 and 7 which are transmitted normally. 
Channel 24 is all zero so bit 7 is forced to a "1 " on TNRZ and 
output as a valid "1" on TPOS/TNEG. The F-bit is transmitted 
normally. Channel 1 is all zero and so bit 7 is forced to "1" 

B8ZS— BIPOLAR 8-ZERO SUBSTITUTION 

The data stream to be transmitted, including F-bits, is monitored 
for any group of eight consecutive zeros. These eight zeros do 
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Figure 1. Alternate Mark Inversion (AMI) 
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not have to fall in the same channel, they may overlap the chan- 
nel boundaries or include a zero valued F-bit. An 8-zero group 
(octet) is replaced with a B8ZS code, shown below. 



B8ZS Codes: 

Code 
Code 



1?L 1 A ^ ^ Z 1 ('^'^ position in octet) 

BV BV 

000 + -0- + 
000-+0 + - 



Where: 

= data "0" 

+ = data "1" output on TPOS, to produce a positive AMI 

pulse 
- = data "1" output on TNEG, to produce a negative AMI 

pulse 
BV = bipolar violation 

Code a is used if the preceding "1" pulse was positive. Code 
b is used if the preceding "1" pulse was negative. 

This ensures that adjacent BVs alternate in polarity to preserve 
a D.C. line voltage of zero. 

In both codes, bits 4 and 7 are bipolar violations, bits 5 and 8 
are normal "1"s and bits 1, 2, 3 and 6 are "0"s. These codes 
are recognized by the R8070 receiver and the original data is 
reconstructed. 

Figure 3 shows typical B8ZS waveforms. Channel 23 contains 
arbitrary data "1"s at bits 6 and 7 which are transmitted normally. 
The next eight bits are zero (bit 8 in channel 23 and bits 1-7 in 
channel 24) and these eight zeros (not the complete channel 
24) are replaced with a B8ZS code. In this case, code a is used 
because the last pulse was on TPOS. 

The search for another 8-zero group begins at bit 8 in Channel 
24, and is interrupted by a "1 '-valued F-bit, which is transmitted 
as normal. The search for eight zeros begins again at bit 1, chan- 
nel 1. Since all eight bits of channel 1 are zero, these are replaced 
by a B8ZS code. In this case, code b is used because the last 
pulse was on TNEG. 

TNRZ is unaffected by B8ZS coding. 

HDB3— HIGH DENSITY BIPOLAR 3-ZERO MAXIMUM 

The data stream to be transmitted, including F-bits, is monitored 
for any group of four consecutive zeros (a maximum of three is 
allowed). A 4-zero group is replaced with an HDB3 code, shown 
below. 

HDB3 Codes J_ _2^ ^ j4 (bit position in 4-zero group) 
Code a BV 
Codeb P BV 



Where: 

= 
BV = 
P = 



data "0" 
data "1" 
valid "1' 



transmitted as a bipolar violation 
pulse (i.e., not a violation) 



Two different codes are required to ensure that the BV pulses 
from adjacent 4-zero groups are of opposite polarity. Code a is 
used if there is an odd number of "1"s after the last BV; code 
b is used if there is an even number. 

HDB3 coding is similar to B8ZS and produces similar data pat- 
terns, particularly on all-zero channels. 

Figure 4 shows typical HDB3 waveforms. The CEPT PCM 30 
standard refers to time slots (TS) in the context of the allocated 
frame space, rather than channels. The data on TNRZ was 
chosen to illustrate various occurrences of the 4-zero pattern. 

Bit 1 of TS1 is a "1" and is transmitted normally. The 4-zero group 
of bits 2-5 of TS1 are replaced with an HDB3 code. Code a is 
arbitrarily chosen in this example, as the polarity of the previous 
BV is not shown. Bits 6 and 7 of TS1 are transmitted as normal 
"1"s. 

The next 4-zero group consists of bit 8 of TS1 and bits 1-3 of 
TS2 and is replaced by an HDB3 code. In this case, code b is 
used because an even number of "1"s were transmitted after 
the last BV. Bits 4 and 5 of TS2 are transmitted as normal "1"s. 
The search for another 4-zero group begins at bit 6 (TS2) but 
is interrupted by the "1" in bit 8 of TS2; these bits are all trans- 
mitted normally. 

Bits 1-4 of TS3 form a 4-zero group and are replaced with HDB3 
code a because there was an odd number of "1"s after the last 
BV. Bits 5-8 of TS3 form another 4-zero group which is replaced 
by HDB3 code b as there were an even number (zero) of "1"s 
transmitted after the last BV. 



SUMMARY 

• B7 — Bit 7 Stuffing 

— Applicable to T1 

— Bit 7 is forced in "1" in an all-zero channel 

— Applied to channel data only — not F bits 

— Forced errors unrecoverable at receiver 

— "Stuffed 1" appears on TNRZ 

• B8ZS — Bipolar 8-Zero Substitution 

— Applicable to T1 

— Any 8-zero group replaced with 00011011 

— Bipolar violations (BV) allow data recovery 

— TNRZ not affected 

• HDB3 — High Density Bipolar 3-Zero Maximum 

— Applicable to CEPT PCM 30 

— Any 4-zero group replaced with 0001 

— Bipolar violation (BV) allows data recovery 

— First bit (P) may be "1" to ensure alternate BV polarity 

— TNRZ not affected 
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1^ CHANNEL 23 -j-" CHANNEL 24 ^| F |-« CHANNEL 1 ^l** — CH 2 — 

BI'T 1234567812345678F123456781234 

TCLK jTJTJiJTJXJiJTJijnjT^ 

~1 RPl R 



TNRZ 
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TNEG 



n FL 



n R R 
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ire 2. Bit-7 Stuffing (Zero Code Suppression) 
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A. FOR PREVIOUS PULSE B. FOR PREVIOUS PULSE 

POSITIVE NEGATIVE 



Figure 3. Bipolar 8-Zero Substitution B8ZS 
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Figure 4. Higii Density Bipolar 3-Zero Maximum HDBa 
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INTRODUCTION 

In the North American T1 modes (193 and 197), a framing bit 
is transmitted at the start of every frame. The sequence of "0"s 
and "1"s transmitted via this bit position provides frame align- 
ment (Ft), multiframe alignment and identification of signaling 
frames (Fs), and, in the Extended Superframe Format, a data 
link and cyclic redundancy check. 

The basic framing bits may either be inserted by the user via 
TFSIG, or generated automatically by the R8070 by connecting 
TFGEN to TFSIG. In either case, a common requirement is a 
timing pulse which coincides with the bit interval in which the 
F-bit is sampled at the transmitter. At the receiver, an equivalent 
pulse coincident with the F-bit output may also be required. 

DERIVING TIMING PULSES 

Which signals are available from the R8070 depends on the data 
interface used; parallel or serial. But the general method of pulse 
derivation remains the same, as described below and by the 
Figure 1: 

1. Find an R8070 output signal with a pulse repetition frequency 
(PRF) equal to the frame rate (8 kHz). This may involve 
decoding several outputs. 

2. If necessary, delay the leading edge of the pulse to coincide 
with the start of the required F-bIt time. 

3. Stretch or truncate the trailing edge at the end of the required 
F-bit time. The resulting pulse may then be further gated, 
stretched or realigned with either a rising or falling clock edge. 



Apply this method, or a variation of it, to the R8070 transmitter 
and receiver for both a parallel and serial data interface. 

TRANSMITTER--PARALLEL DATA INTERFACE 

The signal TCHSYNC has the required PRF, but the pulse is too 
wide and occurs too early. Depending on the application, this 
signal may be used in its present form to load an external F-bit 
Into the R8070. 

To produce a one-bit wide pulse that covers the sampling instant 
of the F-bIt, TCHSYNC may be modified as shown in the Figure 2 
circuit and the Figure 3 waveforms. 

The falling-edge of TCHSYNC clocks a "1" into U1. On the next 
falling-edge of TCLK, U2 accepts the "1" from U1. The next high 
level of TCHCLK resets U1, so that on the subsequent falling- 
edge of TCLK U2 accepts a "0" from U1. 

The resulting output is a one-bit wide pulse, aligned on a falling 
clock edge, that covers the instant of the F-bit sampling. 

TRANSMITTER— SERIAL DATA INTERFACE 

TCHCLK and TCHSYNC are not available in the serial mode. 
Instead, TSQ1-TSQ5 may be used. TSQ1-TSQ5 is the binary value 
of the next channel to be loaded into the R8070. These outputs 
change two bit-times before the sampling of bit 1 on TSER, thus 
allowing the user to select the data for the next channel to be 
sampled. See the Figure 4 circuit and the Figure 3 waveforms. 

To indicate the time for F-bit sampling, the TSQ1-TSQ5 outputs 
are set to 00000 for one bit interval, two bit-times before the F-bit 
is sampled. The occurrence of all zeros on TSQ1-TSQ5 may be 




Figure 1. General Method for Deriving Timing Pulses 
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decoded and then shifted by IV2 bit-times to provide the required 
F-bit timing pulse. The attached diagrams show the circuit and 
waveforms. 

U1 is a 5-input NOR gate that provides a high level when 
TSQ1-TSQ5 are all zero. Because the "all zero" condition could 
momentarily occur during TSQ output changes, the U1 output 
may contain invalid high levels which do not represent the true 
"all zero" condition. To remove these glitches, and also to delay 
the pulse to the required point in time, the U1 output is clocked 
on the falling-edge of TCLK by two consecutive "D-type" 
flip-flops. 



RECEIVER— PARALLEL DATA INTERFACE 

RCHSYNC has the required PRF. RWIHBT and RCHCLK tran- 
sition at the start and end of the required F-bit time interval. These 
three signals may be gated to provide the required timing pulse. 
See the Figure 5 circuit and the Figure 6 waveforms. 

RECEIVER— SERIAL DATA INTERFACE 

RSQ1-RSQ5 are similar In function to TSQ1-TSQ5. They are 
00000 for exactly one bit-time while the F-bit is output at RSER. 
These outputs may be decoded to produce the required F-bIt 
timing interval. The decoder may contain glitches, but these can 
be removed by "D-Type" latches which would commonly be used 
to clock the F-bit from RSER. See the Figure 7 circuit and the 
Figure 5 waveforms. 
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Figure 2. Transmitter— Parallel Data interface 



Figure 4. Transmitter— Serial Data Interface 
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Figure 3. Transmitter— Parallel and Serial Waveforms 
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Figure 5. Receiver—Parallel Data Interface 



Figure 7. Receiver— Serial Data Interface 
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Figure 6. Receiver— Parallel and Serial Waveforms 
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D4/ESF Conversion Using 
the R8070 



SYSTEM OVERVIEW 

D4 is the currently implemented version of T1 in North America, 
with D3 and D4 being the most common type of channel bank. 
But the new Extended Superframe Format (ESF) is beginning 
to replace it. Since the Rockwell R8070 T1/CEPT PCM Trans- 
ceiver can handle both PCM formats, it is ideally suited to both 
types of equipment. This application note examines the 
differences in these two formats and suggests a method for 
converting between them using the R8070. 

DIFFERENCES BETWEEN D4 AND ESF 
1. 12/24 FRAMES PER MULTIFRAME 

The fundamental difference between D4 and ESF is the number 
of frames which define a multiframe. D4 has 12 frames; ESF 
has 24 frames. This larger multiframe provides more signaling 
bits, and, more importantly, more framing bits (F-bits). It is the 
definition of these framing bits that characterizes ESF, providing 
new features and improved performance over the earlier D4. 

2. AB/ABCD SIGNALING 

Robbed-bit signaling in D4 provides two signaling bits (an A-bit 
in frame 6, and a B-bit in frame 12) per channel, per multiframe. 
Since ESF has 24 frames per multiframe, an additional two 
signaling bits can be provided without robbing more bits from 
the channel data. These are: a C-bit in frame 18, and a D-bit 
in frame 24. 

The same number of bits are stolen per channel in ESF as in 
D4, so the rate of signaling remains the same. However, because 
the robbed-bit signaling method uses simple combinations of 
the bits (e.g., A = 0, B = 1), rather than a code, to represent on 
hook/off hook conditions, the four signaling bits of ESF allow 
an increase in the number of signaling combinations. 



3. F-BIT STRUCTURE 

The major structural difference between D4 and ESF is in the 
definition of the F-bits. The larger multiframe of ESF has 24 F-bits, 
one preceding each frame (as in D4). These 24 bits are allocated 
to one of three functions: 

1. A 6-bit Framing Pattern Sequence (FPS) of 001011 which per- 
forms the same frame- and multiframe-defining functions as 
the Ft and Fs bits of D4. 

2. A 6-bit Cyclic Redundancy Checksum (CRC) which provides 
a block check on the integrity of the previous multiframe. 

3. A 12-blt Data Link Facility which gives a 4 kHz link for alarm 
monitoring, signaling, error reporting, etc. The latest Bellcore 
specification for ESF allocates certain of these link bits for 
specific error and alarm purposes. 

D4/ESF CONVERSION 

Figure 1 illustrates a simplified form of a D4/ESF converter. Look- 
ing to the left is a D4 facility, looking to the right, ESF. The 
elementary requirements of the converter are: 

1 . To reformat the F-bits, preserving multiframe alignment. 

2. To correctly pass data for each of the 24 channels. 

3. To convey signaling information. 

4. To generate and check CRC bits. 

Most of these functions are carried out automatically by the 
R8070. Two R8070S are required; one is configured for the D4 
format, the other for ESF. 

MULTIFRAME ALIGNMENT 

In order to correctly generate the F-bits for each PCM format, 
each transmitter must have the same multiframe alignment as 
the receiver in the other R8070. When dealing with TX/RX 
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Figure 1 . D4/ESF Conversion Using Two R8070s 
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connections in the same PCM format (e.g., for loopback testing), 
alignment is achieved by simply connecting RSYNC to TMSYNC 
and TFSYNC. This is also the case with a D4/ESF converter, 
but with the added complication of the different muitiframe 
lengths. 

Figure 2 compares the muitiframe lengths of D4 and ESF. When 
the R8070 receiver is correctly synchronized, RSYNC produces 
one pulse per muitiframe coincident with the F-bit of frame 1 
on RSER. The ESF format will result in one pulse every 
24 frames; D4 results in one pulse every 12 frames. 

D4 to ESF 

Put simply, D4 has twice as many RSYNC pulses as the ESF 
transmitter needs on TMSYNC. A means of selecting alternate 
RSYNC pulses is required. TSIGSEL from the ESF transmitter 
is suitable as a gating signal. TSIGSEL is constantly generated 
by the transmitter according to the last received alignment or 
synchronizing signal on TMSYNC. TSIGSEL is low for 12 frames 
and high for 12 frames (see Figure 2). 

Figure 3 shows the gating arrangement. When the transmitter 
and reciever are correctly aligned, TSIGSEL will allow alternate 
RSYNC pulses to reach TMSYNC/TFSYNC. 

If the receiver loses synchronization with its incoming signal, 
RSYNC will no longer have the normal muitiframe period. For 
the exact operation of RSYNC, see the R8070 Designer's Guide 



(Order No. 313). To avoid spurious RSYNC pulses (while the 
receiver is resynchronizing) from affecting the transmitter, 
RSYNC may be additionally gated with inverse RRED. If the 
receiver loses frame alignment, RRED will go high (inverse 
RRED will go low) and TMSYNC will receive no further pulses 
until frame alignment is re-established. The transmitter would 
therefore maintain its previous frame and muitiframe alignment 
during the receiver's resync period. 

ESF to D4 

In the return direction from ESF to D4 the opposite is true: the 
ESF receiver produces only half the number of expected pulses 
at TMSYNC. This is not a problem because TMSYNC/TFSYNC 
only need one pulse to set the frame and muitiframe alignment. 
If no pulses are applied to these transmitter inputs, the previous 
alignment is assumed to continue — the internal bit- and frame- 
counters auto-reset. A direct connection between RSYNC and 
TMSYNC/TFSYNC can therefore be used (see Figure 3). 

To prevent spurious RSYNC pulses (during receiver resyn- 
chronizatlon) from affecting the D4 transmitter, RSYNC may be 
gated with inverse RRED (see D4 to ESF). 

THE DATA CONNECTION 

The interconnection of channel data between the receiver and 
the transmitter follows the same pattern as for loopback testing. 
Figure 4 shows the serial and parallel data connections. 
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Figure 2. RSYNC Alignment in D4 and ESF 
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Serial Path 

The serial path requires D-type flip-flops to meet the setup time 
for TSER and provide one bit delay for correct synchronization 
between the transmitter and receiver. The serial technique has 
the advantage that data is always correctly recovered by the 
receiver even if it loses synchronization, although it would, of 
course, be subject to failure for a complete data loss. RSER con- 
tains the same data as the inputs, RPOS and RNEG. This would 
be important if the transmitter must maintain its present align- 
ment during periods of resynchronization. 

Parallel Path 

The parallel path is simply a direct connection between R1-R8 
and T1-T8. The parallel technique has the advantage of 
requiring no external circuits, but Its data Is subject to correct 
frame alignment. R1-R8 is gated to zero when frame alignment 
is lost. 

SIGNALING 

"Robbed" Bits 

Figure 5 compares the different signaling arrangements of D4 
and ESF. The basic signaling technique is the same in both 
formats; the least significant bit from each channel Is "robbed" 
in every sixth frame. The robbed bits are replaced with signal- 
ing bits denoted A-bits in frame 6, B-bits in frame 12, and (for 
ESF) C-bits in frame 18 and D-bits in frame 24. 

In the D4 to ESF direction the position of the C- and D-bits would 
be taken by the A- and B-bits, respectively, as there is no other 
information to be sent. 

The problem arises in the ESF to D4 direction. The capacity of 
the signaling channels is the same in both formats. But if ABCD 
signaling was transmitted from the ESF side, it could not be cor- 
rectly extracted by the D4 receiver at the far end, even though 



the D4 transmitter in the converter correctly passed all the signal- 
ing bits. This is because the shorter D4 multiframe does not 
permit all four bits to be distinguished; the A and C bits occupy 
the same frame relative to the RSYNC pulse, so do the B and 
D bits. 

The easiest solution is to permit only A and B signaling on the 
ESF side. A more ambitious solution might attempt to code the 
ABCD bits, but this would involve decoding at the final D4 
destination in equipment over which there is no control. 

Facility Data Linic 

As with the enhanced signaling capability, the link channel 
afforded by the extra F-bits of ESF is not available in D4. 
However, one of the 24 data channels could be assigned for 
signaling and link data purposes. 

HANDLING CRC 

CRC is only required on the ESF side and is handled 
automatically by the R8070. CRC is often used to monitor the 
performance of the PCM link but in this case CRC will not travel 
the complete link. However, details such as number of errored 
multlframes could be computed by the converter and transmitted 
back on the ESF side using the Facility Data Link. 

TRANSMITTER AND RECEIVER CLOCKING 

As with any receiver to transmitter connection, care must be 
taken to observe setup and hold times (see application note 
entitled, "Loopback Testing with the R8070," Order No. 327). 
The clock for each receiver would normally be recovered from 
or synchronized to the line data rate. The transmitters could take 
the same clock as the receiver from which they get data, but 
to ensure the specified setup times are met, it is convenient to 
make the transmitter's clock the inverse of the receiver's. This 
applies to both directions of the format conversion. 
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Figure 5. 04 and ESF Signaling 
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SYSTEM OVERVIEW 

Figure 1 shows a typical T1 link or span between two central 
offices (COs) which for reference are termed the near-end and 
far-end offices. The T1 span consists typically of two twisted- 
pair wires; one pair for transmit, one pair for receive. Digital 
repeaters are placed at one mile intervals to maintain the quality 
of the PCM signal. A Rockwell R8070 T1 /CEPT PCM Transceiver 
at each end of the link implements the transmit and receiver 
functions. 

LOOPBACK TESTING 

Loopback is a form of testing in which the transmit and receive 
paths are connected so as to route the signal from the near end 
(or far end) back to itself. Figure 1 shows four possible positions 
for the loopback connection. By applying loopback in stages, 
progressively further from either end of the link, a faulty section 
can be located. This is termed Failure Sectionalization 
(Paragraph 6.6, Section A, Bell Publication 43801). 



TYPES OF LOOPBACK 

1 . Loopback is local if the signal is looped at the near end. This 
is a transmitter-to-receiver loop, shown as Loop 1 in Figure 1 . 
This type of loopback is provided internally by the R8070. 

2. Loopback is remote if the signal is looped at the far end. This 
is a recelver-to-transmltter loop, shown as Loop 4 in Figure 1 . 
This type of loopback is performed by a simple interconnec- 
tion externally to the R8070. 

Loopback can also be made at the line interface, shown as 
Loop 2 and Loop 3 in Figure 1. This type of loopback is 
independent of the R8070. 

LOCAL LOOPBACK WITH THE R8070 

When TLOOP is high, transmitter data on TPOS and TNEG is 
internally connected to the receiver inputs in place of RPOS and 
RNEG (Figure 2). When TLOOP is low, the transmitter and 
receiver signals are independent. 
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Figure 1 . Typical T1 Span and Loopback Configurations 
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During loopback, the external TPOS and TNEG pins carry a 
pattern of continuous 1s, according to Paragraph 6.6.2, Sec- 
tion A, Bell Publication 43801. This continuous Is pattern 
includes the F-bits and is referred to as "unframed Is." The 
external RPOS and RNEG signals are ignored by the R8070. 
TNRZ is unaffected by loopback and carries the normal transmit 
data. 

While in loopback, the data received on RSER (serial) or R1-R8 
(parallel) is identical (apart from throughput delay) to that data 
input to the transmitter on TSER (serial) or T1-T8 (parallel). The 
combined throughput delay of the looped data is one bit time 
less than the sum of the transmitter (8 bit times) and receiver 
(14 bit times) throughout delays. This is due to the internal 
loopback connection. 

Clock Switching for Local Loopback 

Under normal line operation, the R8070 receiver clock, RCLK, 
is synchronously recovered from the received data. During loop- 
back, the receiver's clock must be synchronized to the looped 
transmitter data, which is clocked by TCLK. All R8070 outputs 
and inputs are clocked on the rising edge of the clock. So, to 
ensure that setup and hold times are met in loopback, the 
receiver clock must be offset from the transmitter clock. It is con- 
venient to make RCLK equal to inverse TCLK during loopback. 
The circuit in Figure 3 shows the standard method of clock selec- 
tion. When TLOOP is high, inverse TCLK is connected to the 
receiver clock input. When TLOOP is low, RCLK from the line 
interface becomes the receiver clock. 

REMOTE LOOPBACK WITH THE R8070 

Figure 4 shows the external connection for remote (far-end) loop- 
back with the R8070. Data from the line is received as normal 
on RPOS and RNEG, having been conditioned by the line inter- 
face unit (LIU), which also extracts a synchronous clock, RCLK, 
for the receiver. Serial data is output from the receiver at RSER. 



Under Joopback conditions, RSER is routed to TSER for 
retransmission back to the near end. A pair of D-type flip-flops 
adds a 1-bit delay to this path so that when RSYNC is directly 
connected to TMSYNC and TFSYNC, the transmitter's framing 
will coincide with the receiver's. Two flip-flops are used to ensure 
the setup and hold times are met, both for the D-type and the 
TSER inputs. Notice that each input (D-type 1 , D-type 2, and 
TSER) is clocked on the opposite edge from the preceding 
output. This would not be possible with only one flip-flop. 

As for local loopback, consideration must be given to the clock 
sources. The receiver will always clock from the line data rate, 
the transmitter may have a separate clock or be timed from 
receive data as well. During remote loopback, the transmitter 
must be locked to the receiver data rate. Figure 5 shows a simple 
circuit for switching the source of TCLK. The signal EXLOOP 
controls the remote loopback function and could be manually 
applied at the far end or remotely controlled from the near end. 

To meet the setup and hold time at the transmitter inputs, inverse 
RCLK is applied to TCLK. 

For clarity, the R8070 is shown in Figure 4 as hardwired for 
remote loopback. This connection would, or course, normally 
be switchable using a gating arrangement similar to that of 
Figure 5. 

REMOTE LOOPBACK WITH A 
PARALLEL DATA INTERFACE 

A connection for remote loopback can also be made for a parallel 
data interface. RSYNC is connected to TMSYNC and TFSYNC 
as before, and R1-R8 is connected to T1-T8. No delay is 
required on the data lines. A clock switching circuit similar to 
Figure 5 should also be used. 
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Figure 2. Internal Local Loopback In the R8070 



Figure 3. Clock Switching for Local Loopback 
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TIMING DIAGRAMS 

Figure 6 shows the timing diagrams relating to the circuit of 
Figure 5. Data in RSER is delayed by one-half bit time at Q1 , 
and again at Q2. The RSYNC pulse is clocked into TMSYNC 
and TFSYNC on the falling edge of RCLK. On the falling edge 
of this clocked RSYNC pulse, data is acquired at TSER, and 
this is the F-bit position. Note that although the F-bit is present 
at this time on RSER, the transmitter does not sample TSER 
for the F-bit, this is obtained from the TFSIG Input. However, 
it is convenient to describe the synchronization based on the 
F-bit position because if this is correctly sampled, all the subse- 
quent bits will be correctly sampled too. 



Figure 7 shows the equivalent CEPT PCM 30 timing for serial 
data transfer during remote loopback. This is the same as for 
T1 except for the F-bit. The same 1-bit delay is required in the 
serial data line so that on the falling edge of the clocked RSYNC 
pulse bit 1 of time slot is sampled at TSER. 

Figure 8 and Figure 9 describe the remote loopback timing for 
a parallel Interface for T1 and CEPT PCM 30, respectively. No 
delay is required in the data line because data is valid for longer 
than a single bit time. Data is sampled by the transmitter on T1-T8 
on the rising edge of TCHCLK. Notice In the T1 waveforms that 
this edge occurs in different places for channel 1 and channel 2 
due to the F-bit location. But data is still correctly sampled. 
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Figure 4. External Remote Loopback in the R8070 
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Figure 5. Clock Switching for Remote Loopback 
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T1 D4, T1C 

Fs (S-BIT) ERRORS 

In the 193S and 197S modes, when the receiver is multiframe 
aligned, the S-bits are extracted from the incoming F-bit stream 
and compared with the standard multiframe-defining pattern 
(001110). Any error in the last received 5 bits of the pattern 
causes SERR to go high. SERR returns low when the last 
received 5 bits are correct. 

Because of the 5-bit window used for S-bit errors, it is not 
possible to tell which individual S-bits are in error; except for 
the first bit, that caused SERR to go high, and the last bit, which 
allowed SERR to go low (5 S-bits later). 

However, the circuit shown in Figure 1 provides an external 
check on the S-bits. The latest received S-bit, available on 
RSBIT, is compared with the correct pattern, produced by a 
dlvide-by-6 counter on the RSBCLK output. At the start of each 
multiframe, the counter is reloaded with 001 by RSYNC. This 
provides the required 001 1 10 pattern from the most significant 
bit of the counter in synchronization with the multiframe. 

Divide-by-6 Counter Sequence 

Binary Decimal 
000 



© 



000 
010 
010 

oil 

100 
101 



- Reloaded with 001 
at the start of a 
multiframe 



110 6 <- 

111 7 



(T) Normal range of 
3-bit counter 



■ Resets to 001 after 
count of 6 



© 



© 



Restricted range 
of dlvide-by-6 
counter 



S-Bit Comparator Timing 

Figure 2 shows the timing associated with the S-bit comparator. 
The counter is preloaded with 001 by the RSYNC pulse at the 
start of the multiframe. The counter is incremented by each rising 
edge of RSBCLK, giving a sequence of 001 1 10 from the most 
significant bit. This standard S-bIt sequence is compared with 
the received S-bit on RSBIT by the exclusive OR gate. The com- 
parator output is high for a frame period If the S-bit for that frame 
Is in error. 

Ft ERRORS 

In modes 193S, 193N, 197S, and 197N, FERR high indicates 
that the current Ft bit at RSER failed to maintain its alternating 
pattern (010101). 



If two or more Ft errors occur In any five consecutive Ft bits, 
then a frame alarm is declared, RRED goes high and the receiver 
attempts to reframe. The "out of frame alignment" condition 
disables FERR which reports no further errors until multiframe 
alignment Is again achieved. 



Example 1. 
10101011010 



- A single Ft error causes a single, 
bit-wide pulse on FERR. 



Example 2. 
1010101 110101 



- Second Ft non-reversal treated as 
possible continuation of previous 
pattern. No error pulse on FERR. 

- First Ft error causes a single, bit- 
wide pulse on FERR. 



Example 3. 
101010111 110101 



- Third non-reversal treated as an 
error. "2 out of 5" criterion Is met, 
RRED goes high and FERR is 
Inhibited. 



Second non-reversal Is considered 

a possible continuation of the 
previous pattern. Ther Is no error 
pulse on FERR. 

First non-reversal causes a single, 

bit-wide pulse on FERR. 

Note: In Example 1 , the alternating pattern after the error is the 
reverse of the pattern before the error. 

A single error In the Ft pattern, although not sufficient to cause 
an "out of frame" condition, does have some impact on the 
framing algorithm. A single Ft error, also known as a slip, causes 
the framing algorithm to return to the P1 proving period. This 
does not affect the multiframe alignment. 

T1, ESF 

FRAIVIING PATTERN SEQUENCE (FPS) ERRORS 

In the 193F mode, and when the receiver is multiframe aligned, 
the FPS Is extracted from the incoming F-blts and compared 
with the correct pattern (00101 1). Any single error In the received 
sequence is Indicated by FERR high coincident with the errored 
F-bit on RSER. The FERR pulse In one bit wide. 
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CYCLIC REDUNDANCY CHECKSUM (CRC) ERRORS 

In the 193F mode, the 6-bit CRC checksum transmitted in the 
F-bit stream of multiframe N is compared with the locally 
computed checksum from the received data of multiframe N-1 , 
i.e., the previous multiframe. For the purposes of computing 
CRC, the F-bits are set to 1. Any discrepancy between the 
computed and received checksum bits is indicated by CKERR 
high coincident with the errored CRC bit. 

A typical application of ESF requires a signal for an errored 
multiframe rather than an errored CRC bit. The circuit of 
Figure 3 provides such a signal. The first occurrence of a CRC 
error (pulse high on CKERR) clocks a 1 into the D-type flip-flop 
and the Q output goes high. Q remains high until reset by 
RSYNC at the start of the next multiframe. CKERR is gated with 
inverse RCLK to avoid latching any glitches. A counter attached 
to the output of the flip-flop provides a count of errored 
multiframes. 

Figure 4 shows the timing associated with this circuit. The dotted 
lines indicate that the Q output (MF Error) may be clocked high 
by any of the CKERR pulses. Q is reset by RSYNC. 
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FPS, CRC ERRORS 

In 193E mode, the functions of FPS error and CRC error are 
multiplexed onto a single output, ERR. See the above descrip- 
tion of these functions. The circuit of Figure 5 may be used to 
separate these two signals. The separation Is performed on the 
basis of RSIGBD. If RSIGBD is high, ERR Indicates an FPS error. 
If RSIGBD Is low, ERR Indicates a CRC error. 



ERR- 



RSIGBO- 



^-1 



FERR 



CKERR 



EQUIVALENT 
193F MODE 
SIGNALS 



CEPT PCM 30 

FRAME ALIGNMENT SIGNAL (FAS) ERRORS 
(MODE 256N) 

The 7-bit Frame Alignment Signal (001 101 1) is contained In time 
slot of alternate frames. If any of these received bits is in error, 
FERR Is high for bit 1 of that time slot 0. 



FAS AND MULTIFRAME ALIGNMENT SIGNAL (MAS) 
ERRORS (MODE 256S) 

The Multiframe Alignment Signal (0000) Is contained in bits 1-4 
of time slot 16 of frame 0. An error in this received signal is 
indicated by FMERR high for bit 1 of time slot 16. 

In addition, the FAS error signal (see mode 256N) is multiplexed 
onto this output. 

These two signals may be readily distinguished using the cir- 
cuit of Figure 6. The separation is performed on the basis of 
RTS16. A pulse on FMERR during time slot (RTS16 low) 
indicates a FAS error, while a pulse during time slot 16 (RST16 
high) indicates a MAS error. 



Figure 5. Demultiplexing the 193E Mode ERR Signal 
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Figure 6. Demultiplexing the 2568 Mode FMERR Signal 
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INTRODUCTION— THE NEED FOR 
SYNCHRONIZATION 

Synchronization is one of tlie major functions of the PCM 
receiver. To enable the correct recovery at the receiver of 
each telephone channel and Its associated signaling, the 
primary rate PCM signal Is given a frame and muitlframe 
structure. This structure is defined by the transmitter, 
which places framing bits or framing patterns at certain 
positions within the serial bit stream. The tasi< of the 
receiver's synchronizer is to locate these patterns, pro- 
duce a set of timing waveforms from them, and report any 
errors or deviations from the standard pattern. 

Figure 1 represents the concept of alignment. The trans- 
mitter Inserts the appropriate alignment patterns for the 
mode (e.g., for T1 an alternating 101010 pattern In the first 
bit of alternate frames) Into the outgoing PCM signal, 
thereby defining the frame and muitlframe structure to 
which Its telephone channels and signaling conform. The 
transmitter also produces a timing signal, TMAX, at the 
muitlframe rate. 

At the receiver, these alignment patterns are recovered 
from the channel data and used to synchronize frame and 
muitlframe counters, from which ail other timing signals 
are derived. In particular, the receiver produces a timing 
signal, RSYNC, at the muitlframe rate. When the transmit- 



ter and receiver are muitlframe aligned, TMAX and RSYNC 
are synchronized and would appear to be coincident on an 
oscilloscope display. They are not quite coincident 
because of the transceiver's throughput delay. 

These functions appear to be trivially simple, a false 
Impression created, partly, by the simplicity of the stan- 
dard "data sheet" representation of the bit stream, in 
which the known framing pattern is clearly recognizable. 
But the receiver sees only a random stream of 1s and Os 
arriving at 1.5 Mbps to 2 Mbps, some of which may be In 
error or, worse still, may be imitations of the real framing 
pattern. 

The synchronizer is required to frame quickly and reliably 
on the PCM signal, to be tolerant of bit errors, and to pro- 
vide sufficient Information to the system about framing 
status, errors and timing. 

These notes describe: 

1. The frame and muitlframe structure of each PCM 
format. 

2. The synchronization process—the framing algorithm. 

3. Controlling the synchronizer. 

4. Synchronization dependent outputs. 

5. The reframe criterion for each R8070 mode. 

6. Monitoring the synchronization state. 







PCM LINK 






TX 
FRAMES 




7 


6 


5 


4 


3 


2 


1 


^..^^^ 


7 


6 


5 


4 


3 


2 


1 




RX 
FRAMES 




i 


^ INSERTS RECOVERS 












ALIGNMENT ALIGNMENT 










TX 




PATTERNS PATTERNS 


^ 


RX 




















J 


\ 












TMAX 


n n 












COINCIDENT TX/RX MF TIMING 








n n 


RSYNC -<- 




























1 



Figure 1. Muitlframe Alignment of Receiver and Transmitter 



Document No. 29300N29 



8-32 



Order No. 329 
January 1987 



Application Note 



Receiver Synchronization in the R8070 



THE FRAME AND MULTIFRAME 
STRUCTURE 

T1 D4 

Each of 24 telephone channels is sampled at 8 kHz, with a 
resolution of 8 bits. The 8-bit samples from each channel 
are transmitted serially, most significant bit (bit 1) first. 
The transmission of one sample from each channel pro- 
duces a group of 192 bits (24 channels x 8 bits), called a 
frame. 

In order to identify the frame boundaries, an extra bit, 
called a framing bit or F-bit, is appended to the start of the 
frame. This makes a total of 193 bits per frame. The fram- 
ing bit is sometimes called the 193rd bit, but it always 
occurs at the start of the frame, not at the end. 

The method of "robbed-bit" signaling (where the least sig- 
nificant bit of each channel is replaced by a signaling bit 
during every sixth frame) requires that signaling frames be 
identifiable. Since every sixth frame contains one of two 
signaling bits (A or B), a muitiframe (or superframe) con- 
sisting of 12 frames is defined. The A-bits are contained in 
frame 6; the B-bits in frame 12. 

The F-bIt position carries two interleaved patterns; the Ft 
pattern (101010) and the Fs pattern (001110). These two 
patterns occupy alternate F-bIt positions and define the 
frame and muitiframe boundaries, respectively. See 
Table 1. 

Table 1. F'bit Assignment— D4 Format 



Frame 


Bit 


F-bit 


Signaling 
Bits 


Number 


Number 


Fs 


Ft 


1 





_ 


1 




2 


193 





— 




3 


386 


— 







4 


679 





— 




5 


772 


— 


1 




6 


965 


1 


— 


A-bits 


7 


1158 


_ 







8 


1351 


1 


_ 




9 


1544 


— 


1 




10 


1737 


1 


— 




11 


1930 


— 







12 


2123 







B-bits 



Table 2. 


F-bit Assignment— Extended Superframe 




Format 


ESF 


ESF 


F-bit 




Frame 


Bit 


Assignment 


Signaling 


Number 


Number 


FPS 


FDL 


CRC 


Bits 


1 





_ 


m 


_ 




2 


193 


— 


— 


CB1 




3 


386 


— 


m 


— 




4 


579 





— 


— 




5 


772 


_ 


m 


— 




6 


965 


— 


— 


CB2 


A-blts 


7 


1158 


— 


m 


_ 




8 


1351 





— 


— 




9 


1544 


— 


m 


— 




10 


1737 


— 


— 


CB3 




11 


1930 


— 


m 


— 




12 


2123 


1 


— 


— 


B-bits 


13 


2316 


— 


m 


— 




14 


2509 


~ 


— 


CB4 




15 


2702 


— 


m 


— 




16 


2895 





— 


— 




17 


3088 


— 


m 


— 




18 


3281 


— 


— 


CB5 


C-bits 


19 


3474 


— 


m 


~ 




20 


3667 


1 


— 


— 




21 


3860 


— 


m 


— 




22 


4053 


— 


— 


CB6 




23 


4246 


— 


m 


— 




24 


4439 


1 


— 


— 


D-bits 


FPS — Framing Pattern Sequence (...001011...) 


FDL — 4 Kbps Facility Data Link (message bits m) 


CRC — CRC-6 Cyclic Redundancy Check (check bits 


C 


31-CB6) 



CEPT PCM 30 

Each of 30 telephone channels is sampled at 8 kHz, with a 
resolution of 8 bits. The 8-bit samples from each channel 
are transmitted serially, most significant bit (bit 1) first. A 
frame is defined as 32, 8-blt time slots. Each time slot (TS) 
contains the 8-bit sample from one of the 30 telephone 
channels (Table 3). The two spare time slots (0 and 16) con- 
tain signaling, alarm, and alignment information. 

In order to identify the frame boundaries, a Frame Align- 
ment Signal (FAS), 0011011, is provided In time slot of 
alternate frames. This allows the receiver to delineate the 
8 bits of each channel, as well as determine which is 
channel 1. 



T1 ESF 

The Extended Superframe Format (ESF) has the same channel 
structure and frame structure as D4, but the superframe (or 
muitiframe) is extended from 12 to 24 frames (Table 2). The F- 
blt position now carries three types of information: 



1. Framing Pattern Sequence (FPS) which defines the 
frame and muitiframe boundaries. 

2. Facility Data Link (FDL) which allows data such as error 
rates, and alarms to be transmitted over the T1 link. 

3. Cyclic Redundancy Check (CRC) which allows the link 
error rate to be monitored, and enhances the reliability 
of the receiver's framing algorithm. 



The ABCD signaling method allocates 4 signaling bits per 
channel, transmitted in time slot 16 (TS16). Since there are 
30 channels, each requiring 4 signaling bits, and there are 
8 bits in each time slot 16, then 15 "time slot 16s" are 
required to transmit a set of signaling bits for each 
channel: 

(30 channels x 4 signaling bits = 15 TS16s x 8 bits) 

This implies a muitiframe grouping of 15 frames which, 
together with an additional time slot 16 for alarm and 
alignment, leads to the standard muitiframe length of 16 
frames. The muitiframe boundary is defined by a Multi- 
frame Alignment Signal (MAS), 0000, situated in bits 1-4 of 
time slot 16, frame (the first frame of the muitiframe). 
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Table 3. 


CEPT PCM 30 Time Slot and Channel 




Numbering 


Time 


Cliannel 


Time 


Channel 


Slot 


Number 


Slot 


Number 





FAS 


16 


MAS 


1 


1 


17 


16 


2 


2 


18 


17 


3 


3 


19 


18 


4 


4 


20 


19 


5 


5 


21 


20 


6 


6 


22 


21 


7 


7 


23 


22 


8 


8 


24 


23 


9 


9 


25 


24 


10 


10 


26 


25 


11 


11 


27 


26 


12 


12 


28 


27 


13 


13 


29 


28 


14 


14 


30 


29 


15 


15 


31 


30 


Notes: FA 


S: Frame Alignment Signal, Alarm bits 


M/ 


\S: Multiframe Alignment Signal, ABCD 




signaling, alarm 



SYNCHRONIZER OPERATION 

OVERVIEW 

The incoming serial bit stream is first stored in a sliift- 
register and then examined in a serial-parallel fashion to 
locate first, the framing bit or framing pattern, then the 
multiframe pattern. When fully multiframe aligned, the 
synchronizer produces a set of timing waveforms at the 
channel", frame-, and multlframe-rate. These allow the 
extraction of the channel data, its associated signaling 
bits, and any transmitted alarms. At the same time, the 
synchronizer monitors the bit stream for errors in the 
received alignment signals. Single errors are reported in 
an appropriate format, and multiple errors which exceed a 
certain criterion cause the present alignment to be aban- 
doned and the synchronization process to be repeated. 

SYNCHRONIZER STATES— SUMMARY 

The R8070's synchronizer (or framing algorithm) can be 
viewed as a state machine having eight major states 
(Figure 2). Each state is referenced by a name and a binary 
number (Table 4). 

In principle, the synchronizer begins at the Wait state and 
proceeds, in sequence if there are no errors, through each 
state as it determines and then verifies first, frame align- 
ment, then multiframe alignment; finally reaching the 
Sync state, where it is fully multiframe aligned. At this 
point, the framing pattern is continuously monitored for 
errors. 
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Figure 2. Synchronization States 



Table 4. Synchronizer States 



Dec 


State 


Binary | 


MS3 


MS2 


MSI 





Wait 











1 


Init 








1 


2 


Search 





1 





3 


Demons 





1 


1 


4 


P1 


1 








5 


P2 


1 





1 


6 


P3 


1 


1 





7 


Sync 


1 


1 


1 
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THE PROCESS OF SYNCHRONIZATION -STATE 
DESCRIPTIONS 

0. Wait State 

The search for frame alignment begins at the Walt state. 
There are four means by which the synchronizer might 
reach, or be held at, the Walt state: 

1. Power up reset, PUR 

2. User request for reframe, RMRST. 

3. User delay of reframe, RSRCH. 

4. Frame errors, causing auto-reframe. 

The first three of these are "holding" conditions. If any of 
them Is active, the receiver remains In the Walt state. 
When none Is active, the receiver proceeds to the second 
state, Init. 

The last condition (frame errors) is not invoked by a user 
Input, but Is part of the receiver's Inherent resynchronlza- 
tlon strategy, in this case, the return to the Wait state Is 
followed Immediately by an entry Into the Init state. 

1. Init State 

During the initialization state, a bank of shift registers col- 
lects a sample of the incoming serial data— usually about 
4 frames, but this is mode-dependent. No checks are 
made on the data at this stage and so the synchronizer 
proceeds directly to the Search state. 

2. Search State 

This is where the basic search for frame alignment takes 
place. In the T1 modes, this means locating the framing 
bit; In the CEPT PCM 30 modes, the framing pattern. 

A parallel-serial search technique is used for a shorter 
reframe time. A group of bits, appropriate to the mode, is 
examined as a candidate for the framing bit or pattern. A 
failure to follow the prescribed pattern rules out that bit 
group as a candidate. Ail possible framing candidates are 
evaluated repeatedly until all but one is eliminated. If 
more than one candidate persists, one of them is chosen 
and further tests on It are made to determine Its validity. 
Random data can mimic the framing pattern for a short 
period; continuous test tones can imitate it indefinitely. 
Ultimately, if only one framing candidate remains, it is 
declared to represent the true frame alignment, and the 
synchronizer moves on to the next state. 

3. Demons State 

The Demons state is only entered In modes 193N and 
193F. It Is a special part of the algorithm which discards 
false framing candidates (demons). This is particularly 
valuable In the 193N mode where the Fs pattern Is not 
examined as no muitlframe is assumed to exist. 

In ail other modes, the Demon state Is by-passed and the 
PI state is entered. 



4. PI State 

in the P1 state, the muitlframe boundary is determined by 
examining the muitlframe alignment signal as appropriate 
to the mode. This alignment is verified for a period of two 
multiframes. The previously established frame alignment 
is also rechecked. 

5. P2 State 

In the P2 state, a further two multiframes are checked for 
correct frame- and muitlframe-alignment. In modes 1933 
and 1978, both the Fs and Ft pattern are monitored for 
errors, thus providing additional security against Imitative 
data patterns. The error criterion for framing is gradually 
relaxed as the synchronizer proceeds through the proving 
states. 

6. P3 State 

A final check on alignment is made over a further period of 
two multiframes. Even in the non-signaling (non- 
multiframed) modes (193N, 197N, and 256N) the proving 
periods still apply, but only the Ft bits (T1) or the FAS 
(CEPT) is checked. 

in the ESF modes, 193E and 193F, the CRC is also checked 
during the P3 period, if CRC shows any errors then the 
present alignment Is abandoned and the synchronizer 
returns to the Wait state. 

During the proving periods for modes 1933 and 1973 (and 
for the Sync state below), a single Ft error, called a slip, 
does not cause a complete reframe from the Walt state 
(two errors are required to cause this). Instead, the syn- 
chronizer returns only as far as the P1 state and performs 
the muitlframe alignment process again. 

7. Sync State 

Finally, the Sync state is achieved, indicating full multi- 
frame alignment. The receiver continues to monitor the 
alignment patterns and reports any errors. 

CONTROLLING SYNCHRONIZATION-THE 
SYNCHRONIZER INPUTS 

The synchronizer is almost entirely controlled Internally, 
based upon the selected mode of operation and the 
incoming data. The algorithm seeks to maintain full muitl- 
frame alignment until forced to abandon It when the crite- 
rion for loss of frame alignment, as defined In the relevant 
CCITT standards, is met. When this occurs, an immediate 
reframe is automatically implemented. 

However, the user does have some external control with 
the following inputs: 

1. RSRCH, receive search control 

2. RMRST, receive master restart 

3. PUP, power-up reset 

4. DID and D2, synchronization lock 




8-35 



Application Note 



Receiver Synchronization in ttie R8070 



1. RSRCH 

When RSRCH is low (this signal Is active LOW), the syn- 
chronizer is prevented from continuing to the Init state 
from the Wait state. Note that RSRCH does not force a 
return to the Wait state (compare to RMRST below). 

This input may be used to hold off reframe, for example to 
allow two receivers to be synchronized. 

Another function of RSRCH is to slip a bit within the multi- 
frame. If at any time RRED = RSRCH = 0, I.e., RSRCH is 
active during frame alignment, then bit 5 of the first time 
slot of the next multiframe is skipped. 



2. RMRST 

When RMRST is high the synchronizer is forced to return 
to the Wait state. If RMRST is then held high, the receiver 
will remain in the Wait state. 

This signal may be used to force the receiver to reframe if 
an error has been detected. Some errors, such as Fs or 
CRC, are reported by the R8070 but do not cause a 
reframe. This is left for the user to Implement and simply 
involves feeding back the SERR or CKERR error signal to 
RMRST 

The signal may also be used to ensure that the receiver 
reframes after switching from one source of PCM signal to 
another, such as would occur with protection switching- 
switching to a spare PCM link if the original falls. When 
this happens in aT1 D4 link, the new signal may happen to 
have the same Ft bit alignment but not the same multi- 
frame alignment. The receiver would not automatically 
reframe because the Ft bits are correct. 



D1D and D2 can also be used to control the synchronizer. 
If D1D and D2 are both high, the "synchronization lock" 
mode is entered. The synchronizer aligns in the normal 
way but, having achieved multiframe alignment, it remains 
in the Sync state, regardless of any framing errors. 

This feature may be useful if the signal will temporarily be 
removed or contain errors, and subsequently will recover 
without affecting the frame alignment. 

RMRST will override the application of D1D and D2, forc- 
ing the receiver to reframe. If D1D and D2 remain high, the 
synchronizer will again lock in the Sync state. 

SYNCHRONIZATION DEPENDENT OUTPUTS 

Almost all outputs from the receiver are dependent on the 
synchronizer for their timing. Each major function of the 
receiver: data and signaling recovery, alarm indication, 
and error reporting, requires knowledge of the location of 
the channel, frame or multiframe boundaries. 

Only two outputs are always available and always valid: 
RSER and RVLL. These are related directly to the serial bit 
stream and are not dependent on the channel position. 

Tables 5 and 6 describe the effect of the synchronization 
state on each receiver output for the T1 and PCM 30 
modes, respectively. 



3. PUP 

When PUP is held low for at least 16 clock cycles, the 
receiver (and transmitter) are completely reset. This is 
equivalent to applying a RMRST to the receiver and forces 
the synchronizer to the Walt state. When PUP is released, 
the synchronizer proceeds to the Init state and attempts 
to frame align on the incoming signal In the usual way. 

PUP is normally only applied once, at power up, or to 
restart the transceiver after a system failure. It should also 
be applied after switching modes unless the user can 
guarantee that mode switching will not disturb the receiv- 
er's timing. 

4. DID and D2 

D1D and D2 are normally used In T1 modes with a serial 
Interface. They are used to select the sequence of the 
binary channel numbers provided at RSQ1-RSQ5 and 
TSQ1-TSQ5 to match the D1D or D2 channel banks. These 
inputs are not used for the same purpose in CEPT PCM 30 
modes, as the channels are always sequentially num- 
bered: They should normally be set to 0, 0. 
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Table 5. Synchronization State Dependent Signal 


s - T1 iVIodes 




Synchronization State 


Signal 
Name 


Signal lype 


W 


1 S D P1 P2 P3 Sy 


H 

L 
L 
L 

L 
! 


12 2 3 3 3 

L L L L L L * 

L L L * * * * 

L L * * * * 

L L * * * * 


RSYNC 

RMFA 

RCHSYNC 

RCHCLK 

RWIHBT 

RSQ1-RSQ5 


Clocks 


L 
L 
L 
! 


L L L L L * 

L L L L L L * 

L L L L L * 


ERR'' 
FERR 
CKERR 
SERR 


Errors 


H 

L 


H H H L L L L 
L L L L L L * 


RRED 
RYEL 


Alarms 


! 

L 
L 
! 
! 
! 


L L L L L L * 
L L L L L L * 


RSBIT 

RSBCLK 

RSIG 

RSIGBD 

RSIGCD 

RSIGSQ 


S-bit, signaling 


H 


H H H H H H 

L L L L * * * 


RLINK 
RLCLK 


Link bits 




L L L L L L * 


R1 -R8 


Parallel data 




H L H L H L H 
L H H L L H H 
L L L H H H H 


MSI 
MS2 
RRED/ 


Synchronizer state 


Key: 
Sync state 

Condition 
RSYNC: 


): W = Walt, 1 = Init, S = Search, = Demons 
PI, P2, P3 = Proving periods, Sy = Sync 

L = Gated Low 

H = Gated High 

! = Invalid, indeterminate 

* = Valid 

1. Single pulse on the last bit. 

2. Single pulse indicates candidate. 

3. Single pulse at end of each state, coincident with the F-bit output on 


RSER. 




Notes: 


1. ERR is a multiplexed version of FERR and CKERR; its validity is the c 


omposite of theirs. 
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Table 6. Synchronization State Dependent Signals — 


CERT l\Aodes 




Synchronization Ststo 


Signal 
Name 


Signal Type 


W 


1 S D PI P2 P3 Sy 


H 
L 

L 
L 
L 

! 


1 2 - 3 3 3 * 

L L L L L L * 

L L L * * * * 

L L * * * * 

L L * * * * 


RSYNC"" 

R|y/IFA 

RCHSYNC 

RCHCLK 

RWIHBT 

RSQ1-RSQ5 


Clocks 


L 
! 


L L L L L L * 


FERR 
Fly/IERR2 


Errors 


H 

L 
H 
L 


H H H L L L L 
L L L L L L * 
H H H H H H L 
L L L L L L * 


RRED 
RYEL 
RIVIRED 
RI\/IYEL 


Alarms 


!!!!**** 
!!!!**** 
!!!!!*** 


RIBITS 

RNBITS 

RXBITS 


1, N, X bits 


!!!!!!!* 
!!!!!*** 


RTS16 
RABCD 


ABCD signaling 


H 

L 
L 


H H H H H H 
L L L L * 
L L L * 


RLINK 
RLCLK 
RLINKI 


Link bits 


Key: 
Sync state 

Condition: 
RSYNC: 


: W = Walt, 1 = Init, 8 = Search, D = Demons 
P1, P2, P3 = Proving periods, Sy = Sync 

L = Gated Low 

H == Gated High 

! = invalid, indeterminate 

* = Valid 

1. Single pulse on the first bit. 

2. Single pulse indicates candidate. 

3. Single pulse at start of each state, coincident with the first bit of multlframe output on RSER 




Notes: 


1. FMERR reports frame and multlframe alignment errors. The frame error 
state, as FERR. 

2. No Demons state In CEPT PCIS/I 30. 


portion of these Is valid only in the Sync 
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REFRAME CRITERION-WHAT THE STANDARDS 
SAY 

The R8070 satisfies the reframe criterion stipulated In Bell 
Pub 43801 for T1, and in CCITT G.732 for CEPT PCM 30. 

Beli Pub 43801 

2.2 Out-of Frame Detection 

2.2.1 A reframe procedure must start when the frac- 
tion of the framing bits in error is in the range 2 
out of 5 to 2 out of 4. 

CCITT G.732 

3. Loss and Recovery of Frame Alignment 

Frame alignment will be assumed to have been lost 
when three or four consecutive frame alignment sig- 
nals have been received with an error. Frame align- 
ment will be assumed to have been recovered when 
the following sequence is detected: 

— for the first time, the presence of the correct 
frame alignment signal; 

— the absence of the frame alignment signal in the 
following frame detected by verifying that bit 2 in 
channel time-slot is a 1; 

— for the second time, the presence of the correct 
frame alignment signal in the next frame. 



Note— To avoid the possibility of a state in which no 
frame alignment can be achieved due to the pres- 
ence of an imitative frame alignment signal the fol- 
lowing procedure may be used: 

When a valid frame alignment signal is detected in 
frame n, a check should be made to ensure that a 
frame alignment signal does not exist in frame 
n + ^, and also that a frame alignment signal exists 
in frame n + 2. Failure to meet one or both of these 
requirements should cause a new search to be initi- 
ated in frame n + 2. 



CEPT PCM 30 Modes 

256N mode: "4 out of 5" errors in the composite framing 
pattern (the 7-bit FAS in TSO of alternate 
frames plus bit 2 of TSO of frames not con- 
taining the FAS). 

256S mode: as for 256N but if the Multiframe Alignment 
Signal is in error then the reframe criterion is 
reduced to "3 out of 5" errors in the compos- 
ite framing pattern. 



Multiframe Error Criterion — CEPT PCM 30 

In addition to the reframe criterion, CEPT PCM 30 also has 
a multiframe criterion. If this is met, the synchronizer 
returns to the PI state to repeat the multiframe alignment 
process. The "Loss of Multiframe Alignment" bit (bit 6 of 
time slot 16, frame 0) is automatically set to 1 in the trans- 
mitter's output. The frame alignment is not affected. 

Multiframe alignment criterion: 

256S mode: Two consecutive errors in the Multiframe 
Alignment Signal. 

MONITORING THE SYNCHRONIZER STATE 

Figure 2 and Table 4 show the 8 states of the synchronizer. 
Each state has a three-bit binary number; MS1, MS2, and 
MS3, where MS3 is the most significant bit. The Red 
Alarm output, RRED, is the inverse of MS3. 

In Modes 193S and 19 3N, the Master State numbers; MSI, 
MS2, and MS3 (RRED) are readily available on outputs OF, 
OG, and RRED. In other modes, monitoring the synchro- 
nizer involves decoding its various state-dependent sig- 
nals. In this case, it may not be possible to determine the 
exact state; all that is normally required is whether the 
receiver is fully frame- and multiframe-aligned. 

The following notes suggest how this basic framing infor- 
mation can be obtained In each mode. 



REFRAME CRITERION IN THE R8070 

The reframe criterion implemented in the R8070 is 
described below. When the criterion is met, the synchro- 
nizer is forced to the Wait state to repeat the framing proc- 
ess. 



T1 Modes 

All modes: "2 out of 5" errors in the framing bit (Ft for T1 
D4, FPS for T1 ESF). 
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T1 MODES 

193S and 193N Modes 

All three Master State numbers are available and can be 
read directly from the R8070 or decoded to iridicate a spe- 
cific state. For example, the circuit of Figure 3 decodes 
the inverse of the Sync state to give an alarm for "loss of 
multiframe alignment". 

197S and 197N Modes 

In Figure 4, RSBCLK activity is used to indicate the Sync 
state and hence produce a "loss of multiframe alignment" 
alarm. 



RRED 



\> 
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MS2 



^> 



M = LOSS OF MUL TIFRAME ALIGNMENT 

= MS1.MS2.MS3 
F = LOSS OF FRAME ALIGNMENT 

= RRED 
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Figure 3. Decoding MS1, IVIS2, MS3 
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Figure 4. Sync State from RSBCLK 



Figure 5. P2, P3, and Sync States 



Additionally, in Figure 5 the RLCLK activity in P2, P3 and 
Sync states produces more information on the intervening 
states between frame alignment and multiframe align- 
ment. 

193E Mode 

If RSIG replaces RSBCLK in Figure 4, the circuit produces 
a similar indication of the Sync state. RSBCLK is not avail- 
able in 193E mode. The circuit of Figure 5 may also be 
used. 

193F Mode 

If RMFA replaces RSBCLK in Figure 4, the Sync state is 
indicated. RSBCLK is not available in 193R The circuit of 
Figure 5 may also be used. 

CEPT PCM 30 MODES 

256N Mode 

There is no convenient signal in 256N mode which is only 
active in the Sync state. Since there is no multiframe 
structure in 256N there may be no need to know when the 
Sync state has been reached, although this is useful for 
testing. 

The circuit of Figure 6 uses the behavior of RSYNC during 
framing to determine the start of the P1, P2, P3, and Sync 
states. RSYNC produces a pulse at the start of each of 
these states. These pulses are counted after the falling 
edge of RRED. 

256S Mode 

This mode already has an indicator of multiframe align- 
ment, RMRED, the multiframe equivalent of RRED. How- 
ever, some of the circuits described above could be used 
to provide further detail of the synchronization state. 
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SYSTEM OVERVIEW 

The operation of a PCM link requires tliat functions sucli as 
idle code and digital milliwatt test signals are selectable on 
a channel-by-channel basis. On the R8070 this is achieved 
by switching the relevant control signal on and off at the 
appropriate channel boundaries. This application note 
examines various methods for deriving such control 
signals. 

CHANNEL CONTROL IN THE R8070 

Figure 1 illustrates the principle of channel control in the 
R8070 T1/CEPT PCIVI Transceiver. The figure takes TIDLE. 
the control for transmission of idle code, as an example; 
RIDLE and RMW work in a similar fashion. TheT1 format of 
24 channels per frame is shown, but CEPT PCM 30 
operation is identical except for the channel numbers. 

The schematic at the top of Figure 1 represents the 
concept of idle code control. Data on either TSER orT1-T8 
normally passes through the transmitter (with an 8-bit 
throughput delay) and, after formatting for the appropriate 
PCM standard, emerges at TNRZ and at the AMI pair, 
TPOS and TNEG. When TIDLE is low, the input data is 
transmitted normally. When TIDLE is high, the data is 
replaced with idle code. 

Channel-by-channel control of idle code insertion Is 
affected by switching the TIDLE signal on and off at the 
boundaries of the required channels. TIDLE is sampled at 
the same time as bit 8 of a given channel at TSER for 
implementation in the next channel. This is shown In the 
top two traces of Figure 1 . For example, if TIDLE is high for 
channels 3, 7, 8, and 19, then TNRZ replaces the normal 
data for these channels with idle code. 

The detailed timing requirements for TIDLE are shown in 
the lower traces of Figure 1 . An expansion of the time scale 
at the boundary of channels 2 and 3 shows the point of 
sampling of TIDLE. TCHCLK may be used to gate the 
control signal for TIDLE to ensure its stability at sampling. 



DERIVING THE CHANNEL CONTROL SIGNAL 

The method used to derive the channel control signal 
depends on the form in which the information is initially 
represented. This form may range from the hardware 
extreme of one line (or wire) per channel, where the logic 
level indicates Idle code required, to the software extreme 
of coded messages indicating Idle channel numbers. 
Between these extremes lies a "bit per channel" 
representation In memory of channels requiring idle code. 
It is this form which is assumed for this application note. If 
the signal is already in a hardware form then it can easily 
be converted to an appropriate control signal. If the 
information is in high level software form then it can be 
translated to the bit-per-channel form. 

CHECKING THE TIMING CONSTRAINTS 

Could the channel control signal be derived entirely by 
microprocessor means? This may depend on the type of 
microprocessor and the other tasks it must simultaneously 
perform. As a quick check, look at the time scale of a PCM 
signal: 
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Figurel. Channei-by-Channel Control - TIDLE 



A microcontroller could be used to set the appropriate 
logic levels for TIDLE, RIDLE, and RMW, but it would need 
to update these values once every 5.2 pis for T1 or every 
3.9 |xs for CEPT PCM 30. These times are too fast for 
normal programmed output, even for a fast 
microcontroller. Special output techniques such as direct 
memory access (DMA) could be used. 



The approach assumed here is that a microprocessor 
system is used but it does not produce the control signals 
directly itself. Instead, a suitable hardware interface 
between the microcontroller and the R8070 provides a 
correctly timed control signal from the binary numbers 
downloaded from memory. 
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THE INTERFACE AND ITS REQUIREMENTS 

Figure 2 outlines one form tiiat tlie interface might take. 
Tlie essential elements are: storage, parallel-to-serlal 
conversion, a microprocessor-compatible bus, timing, and 
control. These elements are embodied within the shift 
registers and their associated control logic. Additional 
buffers might be necessary to avoid timing conflicts when 
the registers are loaded. The timing logic takes clocks from 
the microprocessor and from the R8070 and generates the 
necessary timing and control pulses for the buffers, shift 
registers and microprocessor. Various versions of a shift 
register-based interface are examined . 

THE SHIFT REGISTER APPROACHES 

Various different configurations of shift registers and 
buffers are possible, each offering its own advantages. The 
different methods are shown in Figures 3 through 7. 

SHIFT REGISTER METHOD 1 

Figure 3 shows one method by which shift registers can be 
used to produce channel-by-channel control signals for, 
for example, RIDLE. Three 8-bit shift registers (e.g., 
74LS1 66) are required for a 24 channel system (four would 
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be used for a 32 channel system, but see also method 4). 
The registers are connected end-to-end to form a 24-bit 
shift register. Each register may be loaded in parallel from 
the 8-bit microprocessor bus. Under control of the timing 
circuits, the 24 bits shift in the direction of the arrows 
towards the final serial output which becomes the control 
signal. The serial output is recirculated back to the serial 
input to avoid reloading the registers at the end of every 
frame. This reduces the load on the microprocessor. 
Additional control signals are required to handshake with 
the microprocessor to facilitate the data transfer. 

The timing for this circuit is shown in Figure 4 for the T1 
format. RCHSYNC, which occurs at the end of every frame, 
controls the loading of the shift registers. The signal is first 
gated with RWIHBT so as not to mask a rising edge of 
RCHCLK, which shifts the registers. RIDLE is sampled as 
bit 7 emerges from RSER and is implemented in the next 
channel. At the start of the next channel, on the rising edge 
of RCHCLK, the shift register is shifted in preparation for 
the next sampling. Thus the shift register, when parallel 
loaded, contains a 1 in each bit position for every channel 
in which idle code, for example, is required. The control bit 
for channel 1 is loaded into the far right position of register 
3 so that it emerges first from the register. On loading, the 
bit for channel 1 is available at the serial output. The first 
shift brings the control bit for channel 2 to the serial output. 
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Figure 2. Channel Controller Shift Register (Outline) 



Figure 3. Shift Register Method 1 
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Figure 4. Timing Shift Register Method 1 



It would be possible to incorporate a control signal that 
overrides the register load if the current pattern of idle 
channels is to be maintained. In which case the 24-blt 
pattern would continue to recirculate. In addition, it is 
necessary to set up the handshake signals for the 
microprocessor. RCHSYNC might be used to interrupt the 
processor at the end of every frame so that the registers 
could be loaded. One problem with this scheme is that the 
processor has very little time to make three loads to the 
registers (and three more to each of the other control 
signals). 

There are several solutions to the problem of the processor 
data Interface and these are addressed in the other 
methods discussed below. For this method, though, the 
problem of data transfer might be alleviated by arranging 
that only one of the registers is loaded each frame. A coded 
number system (address) for each register determines 
which register is to be loaded. 

SHIFT REGISTER METHOD 2 

An alternative to the first method of shift register 
implementation is described in Figure 5. The same three 
8-blt registers are used but, instead of being loaded 
directly from the bus, are loaded from buffers which are 
loaded by the microprocessor. These buffers allow the 
binary data to be downloaded at any convenient time, 
although it might be prudent to avoid the moment when the 





8- 


BIT BUFFERS 






8-BIT SHIFT REGISTERS 




^ 


L 1 












1 














1 










2 


- 2 




















1 


























- 3 




















1 






^8 








3 






PARALLEL 












BUS TO 

MICROPROCESSOR RECIRCULATE 
LOAD BUFFER SHIFT CLR CLK CLK INH \ TO EACH 

t t t t t )""'"" 




TIMING AND CONTROL 






t 

R8070 CLOCKS 





Figure 5. Shift Register Method 2 
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buffer to register transfer takes place. The 24-bit data could 
be recirculated as before, or the buffers could be 
retransferred to the registers at the end of each frame. The 
timing and control requirements for this version are similar 
to the previous one. 

SHIFT REGISTER METHOD 3 

Variation of the above method where only one 8-bit buffer 
and register is used is shown In Figure 6. This reduces the 
hardware requirement but increases the burden of data 
loading on the microprocessor. Recirculation Is not 
possible and it Is necessary to make a one-byte data 
transfer every 8 channels (41 ^s for T1, 31 |xs for CERT 
RCM 30). 

SHIFT REGISTER METHOD 4 

Figure 7 shows a variation of the first method with 16-bit 
registers (e.g., 74LS674) Instead of 8-bit registers. This 
reduces the hardware and interconnect requirements but 
is really only suitable for the CERT RCM 30 standard 
because the spare capacity with only 24 channels to be 
controlled would complicate recirculation. The circuit is 
illustrated with a 16-bit microprocessor bus which 
simplifies the parallel loading of the registers. Buffers could 
be added If required as in method 2. In the CERT RCM 30 
system, idle code cannot be transmitted in time slots or 
16, so the control bits related to these time slots would 
normally be set to 0. 

ALTERNATIVE APPROACH 

Figure 8 outlines an alternative approach to the 
implementation of the Interface. In this case a single, 32 x 
4 random access memory (RAM) contains the binary 
information on the channels required to contain Idle code 
and digital milliwatt. The RAM locations are sequentially 
accessed to produce the required logic control signals for 
TIDLE, etc. The approach Is Initially attractive because the 
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Figure 6. Shift Register Method 3 

RAM is a normal microprocessor peripheral and is 
commonly available in a single package, as opposed to the 
multiple shift register solution. Indeed, the R8040 triport 
memory could be used. However, the generation of timing 
signals to control the RAM is more complex and, more 
importantly, it would be more difficult to deal with the 
independent timing requirements of transmit and receive 
timing (TCLKand RCLKare not always synchronized). This 
approach is not pursued In this application note. 
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INTRODUCTION 

A fully occupied T1 link contains 24 channels, CEPT PCM 
30 has 30 channels. But a PCM link may not be fully 
occupied, i.e., may have less than 24 or 30 active channels. 
The unoccupied channels usually contain idle code. Idle 
code is generally the PCM code word that corresponds to 
zero or near zero volts as an analog signal. 

The R8070 implements idle code insertion both at the 
transmitter (to be sent over the PCM link) and at the 
receiver (to be inserted in place of the received channel 
data). 

This note describes how other idle codes - or test 
patterns - may be inserted Into the received or 
transmitted data channels. 

IDLE CODES 

The idle code for T1 modes is 01 1 1 1 1 1 1 . The idle code for 
CEPT PCM 30 modes is 01010101. The actual PCM codes 
(after allowing for inversion of all bits in the T1 system, or 
of even bits In CEPT PCM 30) are 10000000 and 00000000, 
respectively, which correspond to zero volts or near zero 
volts analog signal. 

INTERNAL GENERATION OF IDLE CODE 
BYTHER8070 

TRANSMITTER - TIDLE 

When TIDLE is high, the next channel data to be 
transmitted is replaced with idle code. TIDLE is sampled at 
bit 8 of each channel for implementation in the next 
channel. If TIDLE is modulated (turned on and off) at the 
appropriate channel boundaries, then channel-by-channel 
control of idle code insertion Is obtained. Idle code 
appears on all transmitter outputs; TNRZ, TPOS, and 
TNEG. Idle code does not replace signaling bits in T1 
modes, or time slot (framing) and time slot 16 (signaling) 
In CEPT PCM 30 modes. 



Figure 1 illustrates the insertion of idle code at the 
transmitter. The first two traces represent the Insertion of 
Idle code on channels 3, 7, 8, and 19. To achieve this, 
TIDLE is taken high just prior to the sampling of these 
channels at the transmitter Input, T1 -T8. 

The exact timing requirements of TIDLE are shown in the 
lower traces, on an expanded scale, for the case of 
channel 3. The rising edge of TCHCLK Indicates the 
sampling of data on T1-T8. At this time, bit 1 would be 
sampled from TSER if a serial data interface were selected 
(although TCHCLK is not available in serial mode). 

Conventionally, cycles of TCLK are numbered as per the 
currently sampled data bit on TSER. TIDLE is sampled at 
bit 8. Sampling is shown in the figure by a transition of the 
signal before and after the sampling Instant. Typically, 
TIDLE might be gated by TCHCLK so as to be stable when 
sampled. TIDLE is shown transitioning at the falling edge 
of TCHCLK. Note that TNRZ is shown without the effect of 
transmitter throughput delay (8 cycles of TCLK). The idle 
code would normally emerge 8 bit times (1 channel time) 
after being requested. 

RECEIVER - RIDLE 

When RIDLE is high, the next channel data to be presented 
at the receiver output is replaced with idle code. RIDLE is 
sampled on the rising edge of RCLK at the emergence of 
bit 7 on RSER. Idle code is inserted in the next channel. If 
RIDLE is modulated (turned on and off) at the appropriate 
channel boundaries, then channel-by-channel control of 
Idle code Insertion is obtained. Idle code appears on RSER 
and R1-R8 but not on R8 during a signaling bit. RIDLE is 
only operative when the receiver is in "Sync" because 
knowledge of the channel boundaries is required. 

Figure 2 illustrates idle code insertion at the receiver. The 
first two traces show at the frame level how modulation of 
RIDLE allows insertion of idle code into selected channels. 

The lower traces show the timing requirements of RIDLE at 
the channel 2/3 boundary. 
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Figure 1. Generation of Idle Code - Transmitter 



EXTERNAL GENERATION OF IDLE CODE 

TRANSMITTER 

If an idle code other than the standard provided by the 
R8070 Is required then this may be applied externally with 
appropriate timing In the same way as normal channel 
data. Figures 3 and 4 Illustrate how this might be done for 
a parallel or serial data Interface, respectively. 

In Figure 3 the external idle code is multiplexed with the 
normal channel data. A control signal, XTIDLE, selects 



between normal and idle data. XTIDLE could transition at 
the falling edge of TCHCLK (as might the channel data 
itself) to ensure stability during sampling of T1-T8 at the 
rising edge of TCHCLK. 

In Figure 4 the external idle code Is first serialized using a 
shift register before being multiplexed with the normal 
serial channel data under the control of ZTIDLE. ZTIDLE 
should be aligned to the channel boundaries for correct 
switching of the multiplexer. The shift register Is clocked by 
the falling edge of TCLK to avoid shifting data during the 
sampling of TSER. 
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Figure 2. Generation of Idle Code - Receiver 

MODULATION OF RIDLE AND TIDLE 



An alternative idle code nnay be substituted at the receiver 
output using a multiplexer. This may be done for either the 
serial or parallel data interface as shown in Figure 5. Both 
XRIDLE and ZRIDLE should transition at the rising edge of 
RCHCLK. 



The modulated signals for RIDLE and TIDLE may be 
produced by gating the control signal with an appropriate 
clock. (See Application Note, "Independent Channel 
Control" Order No. 331.) 
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Figure 4. External Idle Code - Serial 
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SYSTEM OVERVIEW 

Figure 1 shows a typical PCIV! link between central offices 
(local exchanges). The central offices (COs) may be up to 
100 miles apart and the link may include test monitors or 
central office repeaters along the route. Digital repeaters 
spaced at 1-mlle intervals regenerate the digital pulses. 
Under normal operating conditions, 24 time-division 
multiplexed, PCM encoded channels, each carrying a 
voice or data signal, are transmitted in each direction (30 
channels for CERT PCM 30). 



GENERATION OF ALARMS 

Suppose that a line fault causes a loss of signal, or severe 
errors (see Figure 1). The monitor will lose synchronization 
and will generate a local Red Alarm. In addition, the 
monitor will transmit a Blue Alarm onward to the far-end 
office. The Blue Alarm's "continuous 1 s" pattern maintains 
the clock recovery operation in the subsequent digital 
repeaters. The monitor will also transmit a Yellow Alarm 
backwards to the near-end office to indicate the loss of 
alignment. 



In CEPT terminology, the Blue Alarm is analogous to an 
Alarm Indication Signal (AIS). The Red Alarm Is a Service 
Alarm Indication or Prompt Maintenance Alarm. The 
Yellow Alarm Is an "alarm indication to the remote end". 

The alarm requirements for T1 are described In CCITT 
Recommendation G.733 and in Bell Pub 43801 , Section A, 
Paragraph 6. The alarm requirements for CEPT PCM 30 are 
described in CCITT G.732. 

RED ALARM WITH THE R8070 

When the R8070 loses frame alignment (synchronization). 
Receive Red Alarm (RRED) goes high (following the F-bit 
on RSER whose error caused "loss of sync"). The R8070 
will immediately attempt to reframe. If there are many 
errors on the line, RRED may be seen to pulse high and low 
as synchronization Is partially recovered and then lost. 
External circuitry may be used to apply "hysteresis" to 
RRED so that It conforms to the minimum time 
requirements for the Red Alarm defined by Bell Pub 43801 . 
If there are no errors on the line, the R8070 will reframe 
within the specified maximum reframe time. 
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Figure 1. Alarm Signals on a Typical PCM Link 
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Figures 2 and 3 show the timing of RRED for the T1 modes 
and CEPT PCM 30 rricdes, respectively. All transitions of 
RRED are coincident with bit 1 of the first channel of the 
frame. RRED go8s low to indicate frame alignment Is 
correct, and this always occurs at a multiframe boundary. 



RRED goes high to indicate loss of frame alignment, and 
this occurs at the frame boundary associated with the 
erroneous F-bit (T1 ) or TS (CEPT PCM 30) which caused 
the loss of alignment. 
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YELLOW ALARM WITH THE R8070 

When TYEL is high, Yellow Alarm is transmitted, with a 
format dependent on the selected R8070 mode. 

Mode Format 

T 1 D4 a. Bit 2 = in all data channels 

b. Fs = 1 in frame 12 
(selected by YELMD) 

11 ESF Repeated pattern of 8 zeros, 

8 ones on data link 

CERT PCM 30 Bit 3 = 1 In IS of non-frame 
alignment frames 



Note: For 11 ESF, the actual number of patterns sent 
depends on the timing of TYEL: 

1 . Patterns are sents continuously until TYEL goes low. 

2. A minimum of 255 patterns is sent, regardless of TYEL 
width. 

3. Whenever TYEL rises, the 255 count is restarted. 

4. If TYEL is toggled at the rate of TCLK, Yellow Alarm pat- 
terns are transmitted only for the duration of the tog- 
gling, with no minimum count. 

YELLOW ALARM AT THE RECEIVER 

When configured in the same mode as the far-end 
transmitter, the receiver will indicate reception of a Yellow 
Alarm (RYEL high). RYEL is only valid when the receiver Is 
in multiframe alignment. RYEL goes high at the trailing 
edge of the bit that signifies the Yellow Alarm and which 
meets the count threshold if a count is involved. 



Mode 


Format 


T1D4 
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channels 




b. Fs = 1 in frame 12 




(selected by YELMD) 


T1ESF 
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data link 


CEPT PCM 30 


Bit 3 == 1 in time slot of non-frame 




alignment frames 



as a "framed Is" pattern. Compare this to the continuous 
Is pattern produced by the R8070 during loopback. That 
signal includes the F-bits, producing an "unframed" 
pattern. 

The circuit of Figure 4 shows how a control signal, TBLUE, 
causes "all 1 s" to be transmitted. This assumes a serial 
data interface and that signaling is either not used, or used 
with TSER as the assigned source (TSIGMD high). For a 
parallel interface, an OR gate is required on each of the 
T1-T8 parallel inputs and signaling inputs lA and IB (if 
used). 

MULTIFRAME RED AND YELLOW ALARMS - CEPT 
PCM 30 

In 256S mode there is a multiframe (MF) equivalent of the 
Red and Yellow Alarms. If the receiver loses multiframe 
alignment due to either: 

1 . two consecutive errors in the multiframe alignment sig- 
nal, or 

2. time slot 16 contains all zeros for at least one multi- 
frame, then the MF Red Alarm (RMRED) goes high. This 
signal Is automatically coupled to the transmitter and 
causes a MF Yellow Alarm to be sent (bit 6 == 1 In time 
slot 16, frame 0). 

At the receiver, RMYEL goes high to indicate the reception 
of a MF Yellow Alarm. 

GREEN ALARM 

Green Alarm denotes a system failure, and would be 
generated externally to the R8070. 



BLUE ALARM WITH THE R8070 

The Blue Alarm is a continuous 1 s pattern across all 24 T1 
channels; the F-blts remain unchanged. This is referred to 
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Figure 4. Transmitting Blue Alarm 
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SYSTEM OVERVrEW 

When a PCM receiver loses frame synchronization it will 
automatically attempt to regain sync by searching again 
for the frame and multiframe alignment bits or patterns. 
During this resynchronization interval, the data is usually 
discarded and signaling bits frozen at their previous value. 
However, there may be a requirement to maintain the 
reception of data and/or signaling, based on the previous 
frame alignment, until the new alignment is established. At 
which point, the received channel data and signaling 
would switch over to the new alignment. This technique is 
known as off-line framing. 

The R8070 turns off (gates to zero) received parallel data 
until the new alignment is found. This is known as on-line 
framing. Note that the serial data on RSER remains vaiki, 



regardless of the synchronization state, it is exactly the 
same as the serial input data, delayed by the receiver's 
throughput delay of 14 clock periods. 

This application note describes a method for performing 
off-line framing with the R8070. 

THE PRINCIPLE OF OFF-LINE FRAMING 

Figure 1 illustrates the difference between on-line and 
off-line framing. A serial input to a PCM receiver is 
represented by a dot pattern within parallel lines. The 
regular pattern indicates the consistent and repetitive 
nature of the framing bits or frame alignment pattem. A 
transient period of errored frames is shown by the broken 
pattern. 
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Figure 1. The Principle of Off-Line Framing 
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A typical receiver output is sliown for: 

a. An on-line framer 

b. An off-line framer 

In botfi cases the vertical lines indicate the frame 
boundaries, which appear at regular intervals until the 
errors are received. When the error criterion is met the 
receiver will declare loss of alignment and attempt to 
realign. The effect on the receiver's data output during the 
reframe period depends on whether the framing is done on 
or off-line. 

On-Une Framer 

For the on-line framer, the receive output is inhibited. The 
frame boundaries, were they visible at the output, might 
occur as indicated by the dashed vertical lines. During the 
en'ors, the receiver's timing may wander so that the actual 
frame boundaries are not precisely known. After the errors 
have passed and the receiver is realigned, the frame 
boundaries are re-established and these may differ from 
the supposed boundaries of the error period. IHowever, 
this would not be evident as the output would be zero 
during the realignment period. Note that the R8070 will 
declare loss of alignment at a frame boundary and will 
declare the realignment at the new frame boundary. 

Off-Line Framer 

For the off-line framer, the receive output continues 
uninhibited while the receiver realigns. Again the frame 
boundaries are marked by vertical lines. During the errors, 
the true alignment may not be accurately known. After the 
errors have passed, the receiver switches to its new 
alignment and this may differ from that previously 
supposed during the error period. 

CONVERTING ON-UNE TO OFF-LINE 

To convert a receiver from on-line to off-line framing 
requires a data output that is not inhibited during reframe 
and a source of timing with the original frame alignment. 
The data input could be used but might require B8ZS or 
HDB3 decoding. Fortunately, the R8070 has a serial 
output, RSER, which Is always present, regardless of the 
synchronization state, and a variety of different clocks and 
status indicators. A simple logical combination of these 
signals will provide the necessary timing to extract a 
parallel data output based on the last known frame 
alignment. 



OFF-LINE FRAMER FOR THE R8070 r Tl 

Figure 2 shows a typical circuit to perform off-line framing 
for Tl , with the associated timing diagrams in Figure 3. 

RSER is clocked into a shift register on the falling edge of 
RCLK so as to avoki to transitions of RSER which occur on 
the rising edge of RCLK. When the 8 data bits of a channel 
are collected in the shift register they are loaded In parallel 
into the latch by the latch signal. The timing of this latch 
signal dictates the channel boundaries. The generation of 
this and related signals is described below. 

The central timing element Is an 8-blt counter which (Bit 
Counter) counts the bits In a frame. The Bit Counter is 
incremented on the rising edge of RCLK. The signal to 
reset or clear the bit counter determines the frame 
boundaries. The clear signal is derived in three ways, one 
or more of which may be active at any time depending on 
the synchronization state. 

1 . The AND function of bit 7 and bit 8 of the Bit Counter. 
This decodes the binary number 11000000 (decimal 
192), being the number of bits In a frame excluding the 
F-bit. In the absence of any other active clear signal, 
this signal will "auto-reset" the counter to produce 193- 
bit frames. 

2. RSYNC enabled by Inverse RRED. During normal opera- 
tion, when the receiver is correctly frame-aligned and 
RRED is low, the RSYNC pulse Is one bit wide and coin- 
cident with the first F-bit of the multiframe. This pulse is 
used to ensure that the external Bit Counter maintains 
synchronization with the R8070's internal bit counter. 
Between RSYNC pulses, the external Bit Counter con- 
tinues its frame definition based on its own count of 192 
bits (see signal 1). When the receiver is out of frame 
alignment, the RSYNC pulses are absent and the Bit 
Counter must maintain its frame definition based solely 
on Its internal count of 192 bits. 

3. When the receiver returns to frame alignment it is neces- 
sary to bring the external Bit Counter back into 
synchronization as quickly as possible. This could be 
achieved with signal 2 above. However, because RRED 
falling edge occurs at the end of the RSYNC pulse, this 
first RSYNC pulse is missed and synchronization is not 
affected until the next RSYNC, one multiframe later. For 
faster resynchronization the falling edge of RRED itself 
is used to clear the Bit Counter. This is achieved by Ex- 
clusive ORing RRED with a 1-bit delayed version of It- 
self, thereby producing a single bit wklth pulse at the 
falling edge. Note that a similar pulse is produced at the 
rising edge of RRED which serves only to emphasize 
the last known alignment before that alignment is lost. 
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Figure 2. Off-Line Framer for the R8070 - T1 
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As an added feature, a divlde-by-12 (or divided-by-24 for 
ESF) counter will produce a frame count from the frame 
rate clear pulses of the Bit Counter and is synchronized by 
the RSYNC pulse. 

The latch control signal is derived from bit 3 of the Bit 
Counter which has the required period of 8 bits. 

Note that the multiple clear signal is clocked by the falling 
edge of RCLK to avoid the transients of RRED, RSYNC and 
the outputs from the Bit Counter which are all aligned to the 
rising edge of RCLK. The Bit Counter must have an 
asynchronous clear function. 

From the timing diagram of Figure 3 it can be seen that the 
clear signal not only resets the Bit Counter to zero but 
holds it at zero so as to miss one RCLK count. This allows 
for the F-bit which upsets the regular 8-bit pattern of 
channel data. Notice that the F-bit is actually clocked into 
the shift register, but because of the 1 -bit hold-off of the 
counter, the latch signal is delayed by one bit and the F-bit 
is shifted through the register and out the other end, 
allowing the next 8 bits of channel 1 to be acquired by the 
latch. The timing signals A, B, C, and D relate to those 
points of the circuit of Figure 2. 

Off-Line Framer for the R8070 - CEPT PCM 30 

Figure 4 shows a typical circuit to perform off-line framing 
for CEPT PCM 30, with the associated timing diagrams In 
Figure 5. 

RSER is clocked into a shift register on the falling edge of 
RCLK so as to avoid to transitions of RSER which occur on 
the rising edge of RCLK. When the 8 data bits of a channel 
are collected in the shift register they are loaded in parallel 
into the latch by the latch signal. The timing of this latch 



signal dictates the channel boundaries. The generation of 
this and related signals is described below. 

The central timing element is an 8-blt counter which counts 
the bits in a frame. The Bit Counter is incremented on the 
rising edge of RCLK. The signal to reset or clear the Bit 
Counter determines the frame boundaries. The Bit Counter 
is reset In one of two ways: 

1. The counter will reset itself to zero when it reaches a 
count of 255. This does not actually produce a clear sig- 
nal, It is an inherent action of the counter to overflow 
upon reaching the maximum count in the absence of 
any other clear signal the Bit Counter will maintain Its 
own frame alignment by this means. 

2. When the receiver is correctly frame aligned, a single 
width pulse on RSYNC occurs coinckJent with the first 
bit of the multiframe (bit 1, time slot 0, frame 0). When 
gated with RCLK a half-bit pulse results which clears the 
Bit Counter and thus synchronizes it with the R8070's 
internal Bit Counter. RSYNC is only valid as a multi- 
frame rate signal when RRED is low, hence the gating 
with inverse RRED. Note that RRED falling edge occurs 
at the front of the RSYNC pulse and so the very first 
valid RSYNC Is available to reset the external Bit 
Counter. 

As an added feature, a 4-bit, divide-by-16 counter will 
produce a frame count from the inverse MSB of the Bit 
Counter and is synchronized by the RSYNC pulse. 

The latch control signal is derived from bit 3 of the Bit 
Counter which has the required period of 8 bits. 
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SYSTEM OVERVIEW 

Signaling, on a Pulse Code Modulation (PCM) 
transmission system, is the transmissioh of information 
related to tlie operation of tlie network. Signaling data 
includes the on-hook and off-hook condition of the 
telephone terminals, dialed digits, call progress states 
such as busy and ringing, as well as network status and 
control signals. 

This information is passed over the PCM link in a variety of 
ways depending on the PCM standard; T1 D4, T1 ESP, or 
CEPT PCM 30. 



SIGNALING FORMATS 

T1D4 

DC signaling, such as the on/off type of digit pulses, are 
transmitted as their direct binary equivalent, and 1 . Two 
bits, A and B, are associated with each of the 24 channels 
on the PCM link. These A and B signaling bits are 
transmitted in place of the least significant bits of the data 
for each channel in frame 6 (A bits) and frame 12 (B bits). 
Because each channel has signaling bits directly 
associated with it that relate only to that channel, this 
technique is known as Associated Channel signaling. 

The network may also use tone combinations to convey 
signaling information. These tones lie within the 4-kHz 
telephone channel (although not necessarily within the 
voice pass band) and are digitized and transmitted in the 
same way as the voice signal. 

Additional signaling may be conveyed in the Fs part of the 
F-bit stream after the standard pattern has been used to set 
up the muitiframe alignment. 

T1ESF 

Associated Channel signaling is also used in Extended 
Superframe Format (ESP). In this case, however, there are 
four signaling bits for each channel, A, B, C, and D, 
because the muitiframe is twice as long as that of D4. 
These bits replace the LSB of the data for each channel in 
frames 6, 12, 18, and 24, respectively. These four bits offer 
more signaling combinations, but for compatibility with 
existing D4 systems sometimes only two bits are used, with 
C=AandD=:=B. 



Signaling tones are transmitted in the voice channels as for 
D4. Additional signaling capacity is afforded by the spare 
F-bits; only six are required for framing and six for a CRC 
check. The remaining 12 bits per muitiframe cany link data 
which includes alarm reporting and performance 
monitoring. 

Common Channel signaling is also used in ESF. This 
technique uses a separate information path for signaling. 
One or more of the 24 data channels might be dedicated 
to signaling. Alternatively, the spare F-bits can provide a 
4-kHz signaling channel. 

The signaling scheme uses an l-IDLC-like data link which 
transmits packets of data concerning each of the voice 
channels to which it relates. Such data includes the 
address of the called party, routing instructions, call 
progress, etc. One signaling link can accommodate all the 
necessary signaling for many voice channels because the 
transmission bandwidth is used more efficiently than the 
simple on/off codes of associated signaling. The most 
recent signaling scheme of this kind is known as CCITT 
Signaling System No. 7. 

Common Channel signaling enables the computers that 
perform the switching function to communicate more 
efficiently, allowing faster and more reliable connections to 
be made and released. This flexibility provides the basis for 
a multipurpose digital network - ISDN (Integrated Services 
Digital Network). 

CEPT PCM 30 

The CEPT version of PCM also has an Associated Channel 
and a Common Channel form of signaling. 

Associated Channel signaling uses 4 bits, A, B, C, and D, 
to represent the signaling states of each of the 30 channels. 
These bits are transmitted In time slot 16, together with a 
signal that defines the muitiframe boundaries. The 
signaling bits convey essentially the same on/off 
information as the original DC systems , i.e., on-hook and 
off-hook conditions. 

In Common Channel signaling, time slot 16 is treated as a 
clear 64 kbps data channel. HDLC-coded data according 
to CCITT No. 7 is passed in this channel and contains 
signaling data for many voice channels. 
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SIGNALING FREEZE - T1 

In the T1 PCM system there is a new requirement for 
signaling freeze. This dictates that in the event of loss of 
frame alignment in an Associated Channel signaling 
system, the signaling bits should remain (frozen) in their 
last valid state. The following extracts from Bell Publication 
43801 Section A define the requirement. 

2.5 SIGNALING FREEZING (NEW REQUIREMENT) 

2.5.1 On detection of loss of frame, the on-hook and 
off-hook signaling states presented to the channel units 
must be maintained in the state that existed before 
detection of the out of frame condition. This requires 
buffering of the signaling information. Specific actions are 
covered for individual channel units in Section C. The 
probability of freezing in the wrong signaling state for a 50 
percent ones density out of frame condition must be no 
more than 5 percent. The signaling states must not be 
changed until the terminal regains synchronization or 
declares a Carrier Failure Alarm. 

6.4 CARRIER FAILURE ALARM 

6.4.1 A Carrier Failure Alarm (CFA) is defined as the 
detection of the beginning and end of a carrier system 
outage. A "Red Alarm" is defined as a locally detected 
failure and a "Yellow Alarm" is defined as a remotely 
detected failure. These color indications are useful in 
identifying the direction in which a failure has occurred. 
Either a red or yellow alarm starts a CFA and the CFA 
controls the trunk conditioning process. 

6.5 TRUNK CONDITIONING AND CO-ORDINATION 

6.5.1 Under conditions resulting in failure of 24 or more 
channels in either direction, which would be detected by 
the Carrier Failure Alarm or by fuse failures, the leads 
connecting to the central office are to be conditioned to 
achieve the following: 

a. Minimize the chance of a false charge and prevent at- 
tempts to use the trunk for the new calls, (i.e., send 
busy signal). 

b. Prevent seizure of terminating end switching equip- 
ment by sending on-hook toward the terminating end 
for the duration of the failure. 

c. Automatically restore trunks to sen/ice in a co-or- 
dinated manner after the trouble is cleared. 



SIGNALING FREEZE - CEPT PCM 30 

There is no equivalent requirement in CEPT PCM 30 for 
signaling freeze. Section 4 of CCITT Recommendation 
G.732 requires that an Alarm Indication Signal (AIS) be 
transmitted in place of the channel associated signaling 
bits under conditions of loss of frame alignment. AIS is an 
all ones signal. 

The remainder of this application note deals with the 
extraction of channel-associated signaling and the 
implementation of signaling freeze in the T1 PCM system. 

SIGNALING EXTRACTION 

There are various different implementations for signaling 
extraction. These can be categorized as either completely 
discrete or as microprocessor-based with a discrete 
interface. Figure 1 illustrates these alternatives forms. 

The discrete logic version takes the signaling data from the 
R8070 output, R8, and stores the A and B bits for each 
channel In the latch. The latch control is responsible for the 
acquisition of the correct bits and its timing is derived from 
various R8070 clocks. The stored A and B bits are passed 
to the signaling processor. 

The microcontroller version reads the channel data in 
parallel form and, in doing so, acquires the signaling data 
along with the voice data. The data interface may provide 
buffering between the R8070 and the microcontroller. The 
timing interface provides appropriate signals to the 
microcontroller so that the signaling bits can be 
distinguished. Status information would also be coupled to 
this processor so that, for example, loss of frame alignment 
could be determined. 

With the microcontroller approach, the signaling freeze 
function can easily be implemented as the signaling bits 
are normally stored in memory. The store Is updated only 
when the receiver is frame aligned. 

A discrete form of circuit to implement signaling freeze is 
described below. 

A CIRCUIT FOR SIGNALING FREEZE - MODE 1938 

Figure 2 shows a typical circuit that extracts the associated 
signaling data and incorporates the signaling freeze 
function. This is based on the block diagram of the discrete 
interface shown in Figure 1 . Figure 3 and Figure 4 show the 
related timing waveforms at the multiframe level and 
frame/channel level, respectively. 
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Figure 1. Alternative Interface for Signaling Extraction 



The Circuit may be used witli either a serial or a parallel 
interface selected for the R8070. The circuit derives all the 
timing signals required from those available from the 
R8070 In both modes. 

The circuit consists of two parts as indicated in the block 
diagram of Figure 1 : the latches and the latch control. A 
total of 48 latches are needed to store an A bit and a B bit 
for each of 24 channels. An expanded view of one of these 
latches is shown. Signaling data is output from the R8070 
on R8 and coupled in parallel to all the latches. A latch 
control signal is applied to each latch in turn according the 
channel number being received. 

The latch control signals are derived from two decoders, 
one for the A bits, one for the B bits. The appropriate 



decoder is selected by RSBIT. If RSBIT is high, the A bit 
latches are enabled; if RSBIT is low, the B bit latches are 
enabled. The operation of the decoders is as follows: 

A divide-by-8 counter is incremented by RCLK and 
produces a signal, Rchclk, which is similar to the RCHCLK 
produced by the R8070 with a parallel interface. Rchclk has 
a period equal to the channel time and a rising edge near 
the center of the channel period. The divkie-by-8 counter 
is cleared by RSIG which maintains synchronization with 
the mult'iframe and restricts the Rchclk pulses to the 24 
channels contained in frame 6, and the 24 contained in 
frame 12. 
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Figure 2. Signaling Freeze for the R8070 - Mode 1985 



After additional gating with inverse RRED and RSIG, the 
Rchclk pulse enables the decoders and clocks the 
signaling data into the latches (D-type flip-flops). 

The RSIG gating limits the Rchclk pulses to the signaling 
frames. (This could be considered redundant In view of the 
RSIG function in the clear of the dlvlde-by-8 counter.) 

The gating with RRED executes the signaling freeze 
function. When the receiver is out of frame alignment RRED 
is high and no further pulses reach the latches so they 



maintain their previous values until the receiver is again in 
frame alignment. 

RSBIT determines whether the current signaling bits are A 
or B, and enables the appropriate decoder. 

The decoders are sequenced b y the 5-bi t channel counter. 
This counter is incremented by Rchclk so as to interleave 
the channel increments with the data latching. RSIG clears 
this counter to limit the count to 24 frames and maintain 
mulfiframe alignment. 
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Figure 3. Multiframe View of A, B Signaling - Mode 1985 



SIGNALING FREEZE IN OTHER MODES 

Signaling freeze is only of interest in the T1 signaling 
modes: 

193SforT1 D4 

197SforT1C 

193EforESF 

197S 

In 197S mode the same circuit can be used. The L bits 
result in slightly different timing but the signaling data 
would be latched correctly. 

193E 

In ESF the same type of circuit could be used but twice as 
many latches would be required to store the A, B, C, and D 



bits for each of 24 frames. Four decoders would be 
required and a suitable control signal to select them. This 
would be derived from RSIGBD, RSIGCD, and RSIG. 

PROCESSOR-BASED SIGNALING FREEZE 

The storage or buffer function is assumed to be contained 
in the signaling processor. It is therefore only necessary to 
supply the appropriate clock, data, and status information 
to the processor. The essential signals to pass to the 
processor are R8, RSBIT, RRED, a signaling clock to 
indicate valid signaling data, and binary channel number. 

The logic required for the signaling clock and the channel 
number are similar to that of Figure 2. Figure 5 illustrates 
the interface to the signaling processor. 
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INTRODUCTION 

The versatile Rockwell R8071 ISDN/DMI Link Layer Con- 
troller finds applications in many diverse areas of telecom- 
munication. The R8071 owes it's versatility to the ease in 
which it can be programmed to accommodate different ap- 
plications. This application note, used with the R8071 Data 
Sheet (Order No. 31 8), shows the ease in which the R8071 
can be initialized and programmed. This application note 
describes only one of many methods in which the R8071 
can be programmed. This application note features: 

System initialization 

A synopsis of the overall system initialization including 
when and how to configure and activate the System Buff- 
er (Activation Byte and Channel Buffer Pointer), Receiver 
Command Buffer, Receive Data Buffer, Transmit Com- 
mand Buffer and Transmit Data Buffer. 

Configuring System Buffer 

An example and explanation of how to program the Sys- 
tem Buffer, which consists of the Channel Activation Byte 
and the Buffer Pointer Addresses. 

Configuring Transmit Command Buffer 

An explanation of how to program the Transmit command 
Buffer, and a description of some of the features available 
in the buffer. These features include: Modes Control, Loop 
Back options. Data Inversion, Automatic Channel deac- 
tivation. Status Bits reporting (UNDR, IVBA, CF/P, CMND 
and MPTY bit) and Fill/Mask. 

Configuring Transmit Data Buffer 

An explanation of how to program the Transmit Data Buff- 
er, and a description of some of the features available in 
the buffer. Features such as: Buffer Size, Data Length and 
Status Byte (UNDR, IVBA, CF/P, CMND and MPTY bit) 
and Fill/Mask. In addition, different application usages will 
be discussed briefly. 

Configuring Receive Command Buffer 

An explanation of how to program the Receive Command 
Buffer, and a description of some of the features available 
in the buffer. These features Include: Modes Control, Loop 
Back options. Data Inversion, Automatic Channel deac- 
tivation, Status Bits reporting (OVER, IVBA, CF/P, CMND 
and MPTY bit) and Fill/Mask. 



Configuring Receive Data Buffer 

An explanation of how to program the Receive Data Buff- 
er, and a description of some of the features available in 
the buffer. These features include: Buffer Size control. 
Status Byte (OVER, IVBA, ABRT, FCER, SHER, CF/P, 
CMND and MPTY bit) and Fill/Mask. In addition, different 
application usages will be discussed briefly. 

HARDWARE & SYSTEM OVERVIEW 

The R8071 ISDN/DMI Link Layer Controller interfaces to 
a microprocessor (host) through a Dual Port RAM 
(DPRAM). The DPRAM, as It's name indicates, allows 
both the R8071 and the microprocessor (host) to access 
the same memory location In the DPRAM at the same time 
without causing a bus contention. In order for the R8071 
and host to communicate effectively there must be an 
agreed upon format in which information is passed back 
and forth via the DPRAM. The format used by the R8071 
to communicate effectively with the host is by setting up 
buffers in the DPRAM. There are five types of buffers as 
described in the R8071 data sheet: 

1 . System Buffer 

2. Receive Command Buffer 

3. Receive Data Buffer 

4. Transmit Command Buffer 

5. Transmit Data Buffer 

The structure of each buffer is dependent upon the type of 
microprocessor (host) used to interface with the R8071 via 
the DPRAM. The MDFS input pin of the R8071 can be 
strapped to allow the R8071 to interface to either a 68000 
or 8086 compatible word addressing microprocessor. 
(MDFS high [+5 Vdc] selects a 68000 compatible 
microprocessor system, while MDFS low [0 Vdc or GND] 
selects an 8086 compatible microprocessor system). The 
major difference between 68000 and 8086 compatible 
microprocessors that affects the R8071 is the addressing 
scheme used by the selected microprocessor. In an Intel 
8086 compatible word addressing system, the most sig- 
nificant byte of a two-byte pointer resides at an odd ad- 
dress, while the least significant byte resides at an even 
address. In a 68000 word addressing system, the most 
significant byte resides at an even address, while the least 
significant resides at an odd address. 




Document No. 29300N350 



Application Note 

8-67 



Order No. 350 
January 1989 



Application Note 



Programming the R8071 Buffers 



SYSTEIVI INITIALIZATION 

To begin initializing the SYSTEM BUFFER the user must 
determine which channels) is(are) to be serviced. There 
are different understandings as to what is a channel. In this 
application note it is assumed that in a communication link 
there is a receiver and a transmitter channel. The receiver 
and transmitter make up the two sides of every channel 
(also known as time slot). In this application note, a chan- 
nel refers to only one side of a channel (i.e., the receiver 
or transmitter only). 

Once the channels) that is(are) to be serviced has(have) 
been determined, the System Buffer needs to be 
programmed. The System buffer contains both the CHAN- 
NEL ACTIVATION BYTE and CHANNEL BUFFER 
POINTERS. 

If the first channel to be serviced is a receiver, then the 
microprocessor would first program the RECEIVE COM- 
MAND BUFFER. The command buffer will determine the 
operating mode for the channel. The mode configured In 
the command buffer will determine how the data in the 
channel is handled. Upon completion of the command 
buffer, the RECEIVE DATA BUFFER can be programmed. 

If the first channel to be serviced is a transmitter, the host 
should instead program the TRANSMIT COMMAND 
BUFFER then the TRANSMIT DATA BUFFER. 

Data to be received or transmitted need not all be con- 
tained In a single data buffer. It can be split up into several 
data buffers. Splitting up the buffer can maximize the use 
of the limited memory size. This Is accomplished because, 
if a memory location originally assigned to a different chan- 
nel is not being used, rather than being unused it can be 
used by another channel. Splitting a single data buffer into 
several data buffers also speeds up the ability of the sys- 
tem to process the data (Improved throughput). For ex- 
ample. If a single data buffer Is used to store the received 
data, the microprocessor will wait for the data buffer to fill 
before servicing the contents of the buffer. This means that 



the microprocessor will not process the data before the 
total data reception is completed. If the buffers were split 
up among smaller buffers that were linked together, the 
microprocessor could be processing part of a data steam 
while the R8071 is actively receiving other portions of the 
data stream. 

In some applications there Is a need to change the con- 
figured mode of a channel without deactivating the par- 
ticular channel. This can be accomplished by linking the 
last data buffer to another command buffer. 

If both the transmitter and receiver of a channel are to be 
activated, but previously only the address of one side of a 
channel to be serviced (i.e.. Transmit side or Receive side) 
was programmed into the CHANNEL BUFFER 
POINTERS, It is necessary to make sure that the CHAN- 
NEL BUFFER POINTERS contain both addresses. 

To activate or deactivate a channel requires that the ATTN 
and ATACK handshake be initiated. The host initiates the 
handshake by pulling ATTN input to the R8071 high. This 
causes the R8071 to service the SYSTEM BUFFER. Once 
all the information in the SYSTEM BUFFER has been 
processed, the R8071 informs the host that the task has 
been completed by pulling the ATACK line to the host high. 
The R8071 will continue to assert this line until the host ac- 
knowledges the completion of the task by resetting the 
ATTN line. 

In some applications there is a need for minimal time delay 
between activating the transmit side of a channel and ac- 
tivating the receive side of the same channel. In such a 
situation, if the CHANNEL BUFFER POINTER has al- 
ready been programmed with the transmit and receiver 
side starting address buffer, this can be achieved. This Is 
achieved by initiating the ATTN and ATACK handshake for 
one side, after which the RX/TX Is toggled and the ATTN 
and ATACK handshake Is Initiated again for the other side. 

Repeat the above process If additional channels are to be 
serviced. 
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Figure 1. System Initialization Flowchart 
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Figure 1. System Initialization Flowchart (Cont'd) 
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CONFIGURING SYSTEM BUFFER 

The SYSTEM BUFFER consists of the CHANNEL AC- 
TIVATION BYTE and the CHANNEL BUFFER 
POINTERS. 

Load Bit 0-4 of the CHANNEL ACTIVATION BYTE (lo- 
cated at address XXXOO) with the binary number of the 
channel that is to be serviced. Bit 4 is the MSB and bit is 
the LSB. In a T-1 system environment, valid channels are 
those between 1 - 24, while in a CEPT system the valid 
channels (time slots) are those between - 31. In an ap- 
plication which is neither a T-1 nor CEPT system applica- 
tion, all 32 channels (0-31) are valid. 

The R8071 can only activate or deactivate one side of a 
channel at a time. This requires that the R8071 be told 
which side of the channel is to be serviced (i.e., the receive 
or the transmit side). The bit that determines which side of 
the channel is to be serviced is the RX/TX (Bit 5). Setting 
bit 5 to a "1" selects the receive side as the side of the 
channel in question to be serviced. Resetting bit 5 to a "0" 
selects the transmit side as the side of the channel to be 
serviced. 

The CHANNEL BUFFER POINTERS contains 64 2-byte 
words which are the addresses of the first buffers for each 
side of the 32 channels. The CHANNEL BUFFER 
POINTERS are divided between the receive and the trans- 
mit sections. The transmit side CHANNEL BUFFER 
POINTERS are located between memory location XXX80 
- XXXBF, with the transmitter channel starting address 
located at XXX80 and 81 , and transmitter channel 1 start 
address located at XXX82 and 83. Similar to the transmit 
side portion, the receive side CHANNEL BUFFER 



POINTERS are located between memory location XXXCO 
-XXXFF. 

The ACTIVE bit (Bit 7) In the CHANNEL ACTIVATION 
BYTE determines whether the channel to be serviced is to 
be activated or deactivated. Setting the ACTIVE bit to "1 " 
would activate the channel, while resetting the bit to "0" 
would deactivate the channel. Deactivating one side of a 
channel can also be accomplished by loading the NEXT 
BUFFER ADDRESS with an invalid buffer address (for 
more detail see the section entitled, "Configuring Trans- 
mit Command Buffer"). 

The actual activation or deactivation process begins only 
when the ATTN input line to the R8071 is asserted. The 
data contained in both the CHANNEL ACTIVATION BYTE 
and the CHANNEL BUFFER POINTERS at the time the 
ATTN input Is asserted determines the actual channel that 
is to be serviced. Once a particular channel has been ser- 
viced (i.e., activated or deactivated) and the ATTN input to 
the R8071 is no longer asserted, modifying the data in the 
CHANNEL ACTIVATION BYTE and the CHANNEL BUFF- 
ER POINTER will not change the operating mode of the 
previous serviced channel. This allows the R8071 to have 
more than one channel active at a time. 

This is accomplished in the R8 071 by a ctivating one chan- 
nel (i.e., initiate the ATTN a nd ATAC K handshake). Upon 
completion of the ATTN and ATACK handshake, the Infor- 
mation for the next channel to be activated can then be 
loaded into the ACTIVATION BYTE and the CHANNEL 
BUFFER POINTER. Upon completion of the next ATTN 
and ATACK handshake, two channels are now active. To 
have additional channels activated, the whole process is 
repeated. 
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Figure 2. Configuring System Buffer Flowchart 
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CONFIGURING TRANSMIT COMMAND 
BUFFER 

Set the CMND bit (Bit 1) in the STATUS BYTE to "1 ". This 
will ensure that the R8071 will be able to distinguish the 
difference between a DATA BUFFER and a COMMAND 
BUFFER. A DATA BUFFER would have this bit reset to 
"0". 

Load the NEXT BUFFER ADDRESS with the address of 
the next buffer to be processed upon completion of this 
buffer. Typically, the next buffer after a COMMAND BUFF- 
ER is a DATA BUFFER. However, the NEXT BUFFER AD- 
DRESS could contain the current buffer's address, or an 
Invalid buffer address. Pointing to an invalid buffer address 
(any address between FFFO - 0000) will deactivate the 
channel which the cun-ent buffer is part of. The channel will 
be deactivated only after the completion of the current buff- 
er. 

The STATUS byte in the TRANSMIT COMMAND BUFF- 
ER contains the UNDR, IVBA, CF/P, CMND, and MPTY 
bits. UNDR (unden-un) and IVBA (Invalid buffer address) 
are bits normally set by R8071 , which tjie host would read 
and reset when appropriate. The CF/P (complete/partial 
buffer) in a COMMAND BUFFER is read by the host and 
set by the R8071 when it reports status for the processed 
COMMAND BUFFER and CMND (command) bits are only 
set by the host and read by R8071 . In a TRANSMIT COM- 
MAND BUFFER the MPTY (empty) bits is reset by the host 
and set by R8071 . 

UNDR (underrun), this bit Is set by the R8071 when Its 
transmit channel runs out of data. When this condition oc- 
curs the transmit channel sends an all ones pattern until 
additional data are available to be transmitted. The excep- 
tion to this occurs when the transmit channel is in HDLC 
mode, in HDLC mode the specific transmit channel 
automatically transmit an HDLC abort code (14 consecu- 
tive ones) followed by flags. 

IVBA (Invalid Buffer Address). This bit Is set by the R8071 
If it encounters an Invalid buffer (all addresses between 
FFFO - 0000). When this condition occurs, the specific 
transmit channel will automatically be deactivated. 

The MODES byte specifies the operational mode of the 
given channel. It is critical that the operational mode 
specified for the near and far end of a transmission be the 
same. 

Setting LOOP (bit 2) to "1" would select the associated 
receive channel to retrieve data stored internally in the 
R8071, and present It to the shared memory. The data 
stored In the R8071 is provided by the transmitter when It 



is set up for loop mode (i.e., with LOOP bit set to a "1"). 
When both the receive and transmit sides are set up for 
LOOP mode, the R8071 can perform a Local (Near-end) 
Loop-back. Loop-back can be done only one channel at a 
time. 

SIG (Bit 1) and HDLC (Bit 0) together define operational 
mode of the specified channel. 



SIG 


HDLC 


MODES 


1 





Non-HDLC Signaling Channel 








Non-HDLC Data Channel 





1 


HDLC Data Channel 


1 


1 


Reserved 



Non-HDLC Data Channel 

DMI application modes and 1 may be specified by this 
mode. In this mode, as soon as the channel transmitter Is 
activated and on completion of this buffer, an all ones is 
transmitted until data from the TRANSMIT DATA BUFFER 
(location of the first data buffer Is determined by the NEXT 
BUFFER ADDRESS) is transmitted. JTo ensure that 
uninterrupted data transmission the CF/P bit in the linked 
data is reset to "0". 

Non-HDLC Signalling Channel 

When a channel is configured in Non-HDLC Signalling 
Channel mode, the channel carries bit-oriented signalling 
data without an HDLC format. Figure 9 of the R8071 Data 
Sheet specifies the format used to maintain the received 
data integrity. In this mode the R8071 assumes that there 
is only a maximum of 2 linked data buffers, with the last 
data buffer a recirculating buffer (i.e., a buffer with it's 
NEXT DATA BUFFER pointing to Itself). To maintain con- 
tinuous data transmission, the last data buffer MPTY bit is 
never set to a "1 " by the R8071 . 

HDLC Data Channel 

When a channel is set up to be a HDLC Data Channel it Is 
capable of handling data in either a HDLC data format or 
a LAPD channel. 

The 16 bit CRC-CCITT generator polynomial Is: 

X^^ + X^2 + X^+1 

The FILL/MASK byte is an 8-blt byte which allows the 
R8071 to perform rate adaption of sub-64 kbps data rates 
in the form of 

n X 8 Kbps (n = 1 to 8) 

to the standard 64 Kbps bearer rate. More detailed ex- 
planations are available if figure 5 and table 4 of the data 
sheet. 
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Figure 3. Configuring Transmit Command Buffer 

8-76 



Application Note 



Programming tlie R8071 Buffers 




YES 



ResetlNV(Bit3)in 
the MODES Byte to 



SetlNV(Blt3)ln 

the MODES Byte to 

"V 




Reset LOOP (Bit 2) In 
the MODES Byte to 
"0" 



Set LOOP (Bit 2) in 
the MODES Byte to 



T 



Figure 3. Configuring Transmit Command Buffer (Cont'd) 
8-77 



Application Note 



Programming tlie R8071 Buffers 




YES 



Program MODES Byte's 

SIGCBitDto-O-ar^d 

HDLC(BltO)to"0" 



YES 



Program MODES Byte'i 

SIG(Bitl)to"rand 

HDLC(BitO)to"0" 



Program MODES Byte's 

SIG(Bitl)to"0"ar^d 

HDLC(BitO)to"r 



Is 

^a specific^ 

pattern mask 

jequiredforthe^ 

data? 

NO 



YES 



Load $FF Into the 
FILL/MASK Byte 



Load the FILL/MASK 
Byte with the required 
mask pattern. 



C STOP J 



Figure 3. Configuring Transmit Command Buffer (Cont'd) 
8-78 



Application Note 



Programming the R8071 Buffers 



CONFIGURING TRANSMIT DATA BUFFER 

Reset the CMND bit (Bit 1) in the STATUS BYTE to "0". 
This would ensure that the R8071 will be able to distin- 
guish the difference between a DATA BUFFER and a 
COIVIMAND BUFFER. If this buffer was a COMMAND 
BUFFER the host would have this bit set to "1 ". 

Load the NEXT BUFFER ADDRESS with the address of 
the next buffer to be processed upon completion of this 
buffer. The next buffer after a DATA BUFFER could either 
be a DATA BUFFER or a COMMAND BUFFER. Linking to 
a COMMAND BUFFER maybe desired if the operating 
mode of the channel need to be changed. The address 
contained in the NEXT BUFFER ADDRESS could be 
pointing to the current buffer's address, or an invalid buff- 
er address. If the NEXT BUFFER ADDRESS contains an 
invalid buffer address (any address between FFFO - 0000), 
the channel which the current buffer is part of will be deac- 
tivated. Deactivation will occur only upon the completion of 
the current buffer. 

The CF/P bit (Bit 2) in the STATUS BYTE is set by the host 
to indicate that this buffer contains the last byte of a se- 
quence of bytes to be formatted according the HDLC. With 
CF/P set, the R8071 automatically recognizes that the 
CRC needs to be calculated and appended at the end of 
the data. The R8071 performs this task before looking for 
more data in the next buffer. 

In the current data buffer is a partial buffer (CF/P = 0) the 
R8071 will only look at the BUFFER SIZE, but if the data 
buffer is a complete buffer the R8071 will look at the DATA 
LENGTH instead. These sizes are used by the R8071 in 
determining when to start looking for another data buffer 
or command buffer, and to determine the location of the 
last data byte in the current buffer. 

Setting FC (Flag Control, bit 7) in the Most Significant Byte 
of the DATA LENGTH (2-Byte word, but actually only 12 



bits are for data length information), would select that the 
Flag Stuffing feature be enabled. FC allows the R8071 to 
automatically append a certain number of flags to the end 
of a data string. 

The flags that are appended will vary depending on the 
mode of the transmitting channel. In HDLC mode, HDLC 
flags ($7E in hexadecimal) are transmitted. In Non-HDLC 
data mode, the flags are all ones octets. In a Non-HDLC 
signalling mode this feature is not available. 

The FLAG COUNT byte determines the number of flags to 
be transmitted. This byte is located after the last data byte 
in the data buffer. The maximum number of additional flags 
that can be appended after the last valid data byte is 255. 

The FO (Flag Offset, bit 6) in the most significant byte of 
the DATA LENGTH (2-byte word) is meaningful only if FC 
is set and the channel is in HDLC Data mode. When FO is 
set by the host, the R8071 will count the total number of 
HDLC zeros intentionally Inserted among the data during 
the entire duration of transmission. At the end of each 
HDLC frame, it divides the accumulated number by eight 
and retains the remainder. The remainder Is known as the 
Flag Count Offset. The R8071 would then subtract the 
Flag Count Offset (which is available internally to the 
R8071 only) from the FLAG COUNT byte. The resultant is 
the additional number of HDLC flags transmitted. 

Reset other status bits in the STATUS Byte in preparation 
for transmission. 

The data to be transmitted can now be loaded. Include the 
FLAG COUNT Byte if additional flags are to be appended 
after the last valid data byte. 

Reset the MPTY (Bit 0) in the STATUS Byte to "0", since 
the buffer is now full with information that the R8071 has 
not processed. 
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r START J 



Reset CMND (Bit!) In 
the STATUS Byte to "0" 
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known OS NEXT BUFFER 
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address of the next 

buffer ( 2-Bytes Word ) 
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this buffer. 




SetCF/P(Blt2)in 
the STATUS Byte to 
. " 1 " 
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NO 



ResetCF/P(Bit2)in 
the STATUS Byte to 
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Load Byte2&3( Also 
known as BUFFER SIZE) 
with the size of the 
memory bytes 
allocated by the host 
for storing the data to 
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If the buffer Is a partial 

buffer; Max 12 bit long) 



^ 



Figure 4. Configuring Transmit Data Buffer 
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Figure 4. Configuring Transmit Data Buffer (Cont'd) 
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Figure 4. Configuring Transmit Data Buffer (Cont'd) 
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CONFIGURING RECEIVE COMMAND 
BUFFER 

Set the CMND bit (Bit 1) in the STATUS BYTE to "1 ". This 
would ensure that the R8071 will be able to distinguish the 
difference between a DATA BUFFER and a COMMAND 
BUFFER. A DATA BUFFER would have this bit reset to 
"0". 

Load the NEXT BUFFER ADDRESS with the address of 
the next buffer to be processed upon completing this buff- 
er. Typically, the next buffer after a COMMAND BUFFER 
is a DATA BUFFER. The NEXT BUFFER ADDRESS could 
be the current buffer's address, or an invalid buffer ad- 
dress. If the contents of the NEXT BUFFER ADDRESS 
point to an invalid buffer address (any address between 
FFFO - 0000), the channel which the current buffer is part 
of will be deactivated upon completion of the current buff- 
er. If the address was to point to the cun-ent buffer's ad- 
dress, it would be called a recirculating buffer. 

The STATUS byte in the RECEIVE COMMAND BUFFER 
contains the OVER, IVBA, CF/P, CMND, and MPTY bits. 
OVER (overrun) and IVBA (Invalid buffer address) are bits 
normally set by R8071 , which the host would read and 
reset when appropriate. The CF/P (complete/partial buff- 
er) in a COMMAND BUFFER is read by the host and set 
by the R8071 when it reports status for the processed 
COMMAND BUFFER and CMND (command) bits are set 
only by the host and read by the R8071. In a RECEIVE 
COMMAND BUFFER the MPTY (empty) bit is reset by the 
host and set by the R8071 . 

OVER (overrun) bit is set by the R8071 when its receive 
channel has no next data buffer (all addresses between 
FFO - 0000). When this condition occurs, the specific 
receive channel will automatically be deactivated. 

The MODES byte specifies the operational mode of the 
given channel. It is critical that the operational modes 
specified for the near and far end of a transmission be the 
same. 

Setting INV (bit 3) to "1 " would select all data received are 
to be inverted prior to writing the information to the shared 
memory. This would be set only if the data were Initially in- 
verted prior to their transmission at the far end. All other 
non-data information such as HDLC flag, CRC, and 
ABORT are also inverted after being received. 

Setting LOOP (bit 2) to "1 " would select that the associated 
receive channel retrieve data stored internally in the 
R8071 , and present it to the shared memory. The data 



stored in the R8071 is provided by the transmitter when it 
is set up for loop mode (i.e., with LOOP bit set to a "1"). 
When both the receive and transmit sides are set up for 
LOOP mode, the R8071 can perform a Local (Near-end) 
Loop-back. Loop back can be done only one channel at a 
time. 

SIG (Bit 1) and HDLC (Bit 0) together define operational 
mode of the specified channel. 



SIG 


HDLC 


MODES 


1 





Non-HDLC Signaling Channel 








Non-HDLC Data Channel 





1 


HDLC Data Channel 


1 


1 


Reserved 



Non-HDLC Data Channel 

DMI application modes and 1 may be specified by this 
mode. In this mode, as soon as the channel receiver is ac- 
tivated it will check the allocated buffer and start placing 
the received data into the buffer. After filling a buffer, it up- 
dates the status of the just completed buffer, simul- 
taneously asserting INTR. It then moves on to the next 
buffer and repeats the process again until it is interrupted 
by ATTN or runs out of buffers. 

Non-HDLC Signaling Channel 

When a channel is configured in Non-HDLC Signaling 
Channel mode, the channel cames bit-oriented signaling 
data without an HDLC format. The format used in order to 
ensure that the receive channel receives the data proper- 
ly is specified in Figure 19 of the R8071 Datasheet. In this 
mode the R8071 assumes that there is only a maximum of 
2 linked data buffers, with the last data buffer a recirculat- 
ing buffer. 

HDLC Data Channel 

In this mode the R8071 is capable of operating as either 
an HDLC data channel or a LAPD channel. The 16 bit 
CRC-CCITT generator polynomial used by the R8071 to 
generate the CRC-16 is 

X^® + X^2 + X^ +1 

The FILL/MASK byte is an 8-bit byte which allows the 
R8071 to perform rate adaption of sub-64 kbps data rates 
in the form of 

n X 8 Kbps (n=1 to 8) 

to the standard 64 Kbps bearer rate. A more detailed ex- 
planation is available in figure 5 and table 4 of the data 
sheet. 
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Figure 5. Configuring Receive Command Buffer 
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tlie MODES Byte to 

"0" 
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the IVIODES Byte to 

"1" 
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the MODES Byte to 
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Figure 5. Configuring Receive Command Buffer (Cont'd) 
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Byte with the required 
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Figure 5. Configuring Receive Command Buffer (Cont'd) 
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CONFIGURING RECEIVE DATA BUFFER 

Reset the CMND bit (Bit 1) in the STATUS BYTE to "0". 
This would ensure that the R8071 will be able to distin- 
guish the difference between a DATA BUFFER and a 
COMMAND BUFFER. A COMMAND BUFFER would 
have this bit set to "1". 

Load NEXT BUFFER ADDRESS with the address of the 
next buffer to be processed upon completion of this buff- 
er. Typically, the next buffer after a COMMAND BUFFER 
Is a DATA BUFFER. However, the NEXT BUFFER AD- 
DRESS need not necessarily point to a DATA buffer, it 
could point to the cun-ent buffer's address, or to an Invalid 
buffer address. If the address was an invalid buffer ad- 
dress (any address between FFFO - 000), upon complet- 
ing the current buffer, the channel, which the current buffer 
Is part of will automatically be deactivated. 

The BUFFER SIZE determines how much memory is allo- 
cated for the received data. The actual received data size 
will be written by the R8071 into the DATA LENGTH Byte. 



In preparation to receive data, initialize all the status bits 
in the STATUS BYTE. Reset OVER (overrun, bit 7), IVBA 
(invalid buffer address, bit 6), ABRT (Abort, bit 5), FCER 
(Frame check error, Bit 4), SHER (Short HDLC Frame 
Error, bit 3), and CF/P (Complete Frame/Partial Frame 
received, bit 2) to a "0". These bits are reset to ensure that 
upon completion of the data reception the host will be able 
to determine If any error conditions may have occurred. 
The various error conditions that may occur are decoded 
from the condition of the bits in the STATUS BYTE. (For 
more information on the different error conditions, please 
refer to Table 3 in the R8071 Data Sheet). The information 
that can be derived from the STATUS BYTE would assist 
the host to determine the validity of the data received. 

In preparation for the received data, the host should set the 
MPTY (Empty, bit 0) bit in the STATUS BYTE to "0". This 
is to Inform the R8071 that this RECEIVED DATA BUFF- 
ER is empty and ready to receive data. 
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Figure 6. Configuring Receive Data Buffer 
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1194 

Marshall industries 

336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 



1196 

Hamilton/Avnet Electronics 

3002 East G. Street 
Ontario, CA 91764 
(714) 989-4602 



1172 

Marshall industries 

3039 Kilgore Avenue, #140 
Rancho Cordova, CA 95670 
(916) 635-9700 



1007 

Hamilton/Avnet Electronics 

4545 Viewridge Avenue 
San Diego, CA 92123 
(619) 571-7510 
TWX: 910 335-1216 



1173 

Marshall Industries 

10105 Carroll Canyon Rd. 
San Diego, CA 92131 
(619) 578-9600 



1178 

Western Microtechnology Inc. 

12900 Saratoga Avenue 
Saratoga, CA 95070 
(408) 725-1660 
FAX: (408) 255-6491 
TWX: 910 338-0013 



1008 

Kamiiidn/Avilm EivCuC 

1175 Bordeaux Drive 
Sunnyvale, CA 94086 
(408) 743-3355 
TWX: 910 339-9332 



1167 

Marshall Industries 

9830 So. 51st Street 
Ste. B121 
Phoenix, AZ 85044 
(602) 496-0290 



1159 

Marshall Industries 

9674 Telstar Avenue 
El Monte, CA 91731 
(818) 459-5500 



1092 

Hamiiton/Avnet Electronics 

4103 Northgate Blvd. 
Sacramento, CA 95834 
(916) 925-2216 



1152 

Image Electronics 

1342 Bell Avenue 
Tustin, CA 92680 
(714) 259-0900 
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SALES REPRESENTATIVE— UNITED STATES/CANADA (cont'd) 



IDAHO 
Quorum 3 

(See Salt Lake City, Utah) 

ILLINOIS 

2006 

LTD Technologies Inc. 

810 Arlington Heights Rd. 

Itasca, IL 60143 

(312) 773-2900 

TWX: 332415 

FAX: (312) 773-0358 

INDIANA 

2008 

Robert O. Whitesell & Associates 

6691 E. Washington Street 
P.O. Box 19904 
Indianapolis. IN 46219-0904 
(317) 359-9283 
TWX: 810 341-3320 
FAX: (317) 359-2091 
ESL: 62818996 



2009 

Robert O. Whitesell & Associates 

1800 S. Plate, Ste. A 
Kokomo, IN 46902-5730 
(317) 457-9127 
FAX: (317) 456-1234 



IOWA 

2070 
Dy>Tronix Inc. 

23 Twixt Town Rd. N.E., Ste. 201 
Cedar Rapids, lA 52402-3297 
(319) 377-8275 
FAX: (319) 377-9163 

KANSAS 

2081 
Dy-Tronix Inc. 

1999 Amidon, Ste. 322 
Wichita, KS 67203-2124 
(316) 838-0884 
ESL: 62914257 



KENTUCKY 

2082 

Robert O. Whitesell & Associates 

313 Lagrange Rd., Ste. 201 
P.O. Box 797 

Pewee Valley, KY 40056-9998 
(502) 241-1441 

LOUISIANA 
Norcom, Inc. 

(See Dallas, TX) 

MAINE 

Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 

MARYLAND 
Beacon North 

(See Sterling, Virginia) 



MASSACHUSETTS 

2012 

Kitchen & Kutchin, Inc. 

87 Cambridge St. 
Burlington, MA 01803 
(617) 229-2660 
FAX: (617) 273-5895 

MICHIGAN 

2011 

R.O. Whitesell & Associates 

8332 Office Park Dr., Ste. A 
Grand Blanc, Ml 48439-2035 
(313) 695-0770 

2013 

Robert O. Whitesell & Associates 

688 Cascade West Parkway S.E. 
Grand Rapids, Ml 49506-2187 
(616) 942-5420 

2014 

Robert O. Whitesell & Associates 

18444 W. 10 Mile Rd. 
Southfield, Ml 48075-2658 
(313) 559-5454 
TWX: 510 601-2458 
FAX: 313-559-9643 

2015 

R.O. Whitesell & Associates 

1822 Hilltop Rd. 

St. Joseph, Ml 49085-2307 

(616) 983-7337 

MINNESOTA 

2077 

Electronic Innovators, Inc. 

9727 Valley View Rd. 
Eden Prairie, MN 55344 
(612) 941-0830 
FAX: (612) 941-6193 



Robert O. Whitesell & Associates 

(See Huntsville, Alabama) 

MISSOURI 

2068 
Dy-TronIx inc. 

3407 Bridgeland Drive 
Bridgeton, MO 63044 
(314) 291-4777 
FAX: (314) 291-3861 

MONTANA 

2067 

Simpson & Assoc., inc. 

2552 Ridge Rd. #200 
Littleton, CO 80120 
(303) 466-7777 
FAX: 303-460-0626 



NEBRASKA 
Dy-Tronix Inc. 

(See Cedar Rapids, Iowa) 
(See Bridgeton, Missouri) 



NEVADA 
Criterion Sales Inc. 

(See Santa Clara, California) 



NEW HAMPSHIRE 
Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 



NEW JERSEY (NORTH) 

2043 

PAR Associates 

508 Main Street 
Boonton, NJ 07005 
(201) 335-0680 



NEW JERSEY (SOUTH) 

2017 

Naudain Associates 

The Pavilions at Greentree 
Route 73, Ste. 307 
Marlton, NJ 08053 
(609) 983-5300 
FAX: (609) 596-5367 



NEW MEXICO 

2018 

Rep New Tec 

9219 Lagrima De Oro Rd., N.E. 
Albuquerque, NM 87111 
(505) 293-2582 



NEW YORK 

2048 

Ossman Assoc. 

6666 Old Collamer Rd. 
East Syracuse, NY 13057 
(315) 437-7052 
FAX: (315) 437-2332 



2020 

RAF Associates 

120 W. Main Street 
Smithtown, NY 11787 
(516) 360-0940 
FAX: 516-979-8506 



NORTH CAROLINA 

2021 

Quantum Marketing, Inc. 

6608 Six Forks Road, Ste. 203 
Raleigh, NC 27615 
FAX: 919-847-8271 
(919) 846-5728 



NORTH DAKOTA 
Electronic Innovators 

(See Eden Prairie, Mn) 



OHIO 

2022 

Robert O. Whitesell & Associates 

1172 West Galbraith 
Cincinnati, OH 45231-5687 
(513) 521-2290 
FAX: 513-521-6016 



2023 

Robert O. Whitesell & Associates 

6000 West Creek Rd., Ste. 21 
Cleveland. OH 44131-2139 
(216) 447-9020 
TWX: 810 427-2211 
FAX: 216-447-0260 

2024 

Robert O. Whitesell & Associates 

6161 Busch Blvd., Ste. 304 
Columbus, OH 43229-2589 
(614) 888-9396 
FAX: 614-888-8792 

2025 

Robert O. Whitesell & Associates 

4133 South Dixie Avenue 
Dayton, OH 45439-2192 
(513) 298-9546 
TWX: 510 601-2416 
FAX: (513) 298-2586 

OREGON 

2079 

Westerberg Assoc., Inc. 

7165 S.W. Fir Loop 
Portland. OR 97223 
(503) 620-1931 
FAX: (503) 684-5376 

PENNSYLVANIA (EAST) 
Naudain Associates 
(See Marlton, New Jersey) 
PENNSYLVANIA (WEST) 
R.O. Whitesell & Assoc. 
(See Indianapolis. Ind.) 

2019 



637 Bridge Street 
Collegeville, PA 19426 
(703) 478-2480 



Robert O. Whitesell & Associates 

1360 Old Freeport Rd., Ste. 1-B 

Pittsburgh. PA 15238-3163 

(412) 963-6161 

RHODE ISLAND 

Kitchen & Kutchin, Inc. 

(See Burlington. Massachusetts) 

SOUTH DAKOTA 

Electronic Innovators 

(See Eden Prairie. Mn.) 

TENNESSEE 

2029 

Robert O. Whitesell & Associates 

9208 Kingston Pike 

Knoxville, TN 37022-2317 

(615) 694-9476 

FAX: 615-691-9693 

TEXAS 

2031 

Norcom, Inc. 

8705 Shoal Creek Blvd., Ste. 109 

Austin, TX 78758 

(512) 451-2757 

FAX: 512 451-8031 
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INDUSTRIAL DISTRIBUTORS-UNITED STATES/CANADA (continued) 



COLORADO 

1185 

Marshall industries 

12351 N. Grant 
Thornton, CO 80241 
(303) 451-8444 
FAX: (303) 457-2899 

1009 

Hamiiton/Avnet Electronics 

9605 Maroon Cr., Suite 200 
Englewood, CO 80112 
(303) 799-7814 
TWX: 910 935-0787 

CONNECTICUT 

1011 

Hamilton/Avnet Electronics 

Commerce Industrial Park 
Commerce Drive 
Danbury. CT 06810 
(203) 797-2800 
TWX: 710 456-9974 

1012 

J.V. Electronics 

690 Main Street 
East Haven, CT 06512 
(203) 469-2321 

1182 

Marsliall industries 

20 Sterling Drive 
Barnes Ind. Parl<, N. 
Post Office Box 200 
Wallingford, CT 06492 
(203) 265-3822 

1026 

Almo Electronics 

31 Village Street 
Wallingford, CT 06492 
(203) 269-6801 

FLORIDA 

1013 

Hamiiton/Avnet Electronics 

6801 N.W. 15th Way 
Fort Lauderdale, FL 33309 
(305) 971-2900 
TWX: 510 956-3097 

1186 

Marsliall industries 

2700 W. Cypress Creels, Ste. CI 06 
Ft. Lauderdale, FL S3309 
(305) 977-4880 

1087 



3320 N.W. 53rd Street 
Ft. Lauderdale, FL 33309 
(305)735-1112 
FAX: (305) 735-1121 

1165 

Marshall Industries 

380 S. Northlake Blvd.. #1024 
Altamonte SPG, FL 32701-5260 
(305) 841-1878 



1014 

Hamilton/Avnet Electronics 

3197 Tech Dr. North 
St. Petersburg, FL 33702 
(813) 229-7010 
TWX: 810 863-0374 



1018 

Marshall Industries 

2840 Scherer Dr., Ste. 410 
St. Petersburg, FL 33702 
(813) 576-1399 

1019 
Reptron 

14501 McCormick Drive 
Tampa, FL 33625 
(813) 855-4656 

1146 

Hamiiton/Avnet Electronics 

6947 University Blvd. 
Winter Park, FL 32792 
(305) 628-3888 

GEORGIA 

1015 

Hamilton/Avnet Electronics 

5825D Peachtree Corner E. 
Norcross, GA 30092 
(404) 447-7500 
TWX: 810 776-0432 



1176 

Marshall Industries 

5300 Oakbrook Pkwy., #140 
Norcross, GA 30093 
(404) 923-5750 
FAX: (404) 923-2743 

1174 

Quality Components 

6145 Northbelt Pkwy., Ste. B 
Norcross, GA 30071 
(404) 449-9508 
FAX: (404) 449-0275 

ILLINOIS 

1016 

Advent Electronics 

7110-16 N. Lyndon Street 
Rosemont, IL 60018 
(312) 298-4210 

1017 

Hamiiton/Avnet Electronics 

1130 Thorndale Avenue 
Bensenviiie, IL oCtGS 
(312) 860-8522 
TWX: 910 227-0060 



1180 

Marshall industries 

1261 Wiley Road #F 
Schaumburg, iL 60195 
(312) 490-0155 



INDIANA 

1036 

Hamilton/Avnet Electronics 

485 Gradle Drive 
Carmel, IN 46032 
(317) 844-9333 
TWX: 810 2 



1035 

Advent Electronics 

8446 Moller Road 
Indianapolis, IN 46268 
(317) 872-4910 

1189 

Marshall industries 

6990 Corporate Drive 
Indianapolis, IN 46278 
(317) 297-0483 

IOWA 

1086 

Advent Electronics 

682 58th Avenue, CT S.W. 
Cedar Rapids, lA 52404 
(319) 363-0221 

1085 
Hamilton/Avnet 

915 33rd Ave., S.W. 
Cedar Rapids, lA 52404 
(319) 362-4757 

KANSAS 

1191 

Marshall industries 

8321 Melrose Drive 
Lenexa, KS 66214 
(913) 492-3121 

1037 

Hamiiton/Avnet Electronics 

9219 Quivira Road 
Overland, KS 66215 
(913) 888-8900 
TWX: 910 743-0005 

MARYLAND 

1039 

Hamilton/Avnet Electronics 

6822 Oak Hall Lane 
Columbia, MD 21045 
(301) 995-3500 
FAX: 301-995-3593 

1161 

Marshall industries 

2221 Broadbirch Dr., Suite G 
Silver Springs, MD 20904 
FAX: (301) 622-0451 
(301)622-1118 

1075 

Almo Electronics Corp. 

Electronics 

8309B Sherwick Court 
Jessup, MD 20794 
(301) 953-2566 
FAX: 301-953-0039 



MASSACHUSETTS 

1109 

Almo Electronics 

60 Shawmut Rd. 
Canton, MA 02021-1410 
(617) 821-1420 



1115 
Hamilton/Avnet 

10-D Centennial Dr. 
Peabody, MA 01960 
(617) 531-7430 



1084 

Future Electronics 

133 Flanders Rd. 
Westboro, MA 01581 
(617) 366-2400 



1116 

Marshall industries 

33 Upton Dr. 
Wilmington, MA 01887 
(617) 658-0810 



MICHIGAN 

1043 

Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, Ml. 48018 
(313) 477-1650 



1077 
Hamiiton/Avnet 

2215 29th St., S.E. A-5 
Grand Rapids, Ml 49508 
(616) 243-8805 
TWX: 810 273-6921 



1044 

Hamilton/Avnet Electronics 

41650 Gardenbrook, Suite 100 
Novi, Ml 48050 
(313) 347-4270 
FAX: (313) 347-4021 



1162 

Marshall industries 

31067 Schoolcraft 
Livonia, Ml 48150 
(313) 525-5850 



1021 
Reptron 

34403 Glendale Rd. 
Post Office Box 2768 
Livonia, Ml 48150 
(313) 525-2700 
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INDUSTRIAL DISTRIBUTORS— UNITED STATES/CANADA (continued) 



MINNESOTA 

1127 

Voyager Electronics Corp. 

5201 E. River Rd., Suite 303 
Fridley, MN 55421 
(612) 571-7766 



1047 

Hamilton/Avnet Electronics 

12400 Whitewater Drive 
l\4innetonl<a, MN 55343-9421 
(612) 932-0600 
TWX: 910 576-2720 



1166 

Marshall Industries 

158 Gaither Dr. 
Ml Laurel, NJ 08054 
(609) 234-9100 
FAX. 609-778-1819 



1126 

General Components Inc. 

245-D Clifton Ave. 
West Berlin, NJ 08091 
(609) 768-6767 
FAX: 609-768-3649 



1171 

Marshall Industries 

1250 Scottsville Rd. 
Rochester, NY 14624 
(716) 235-7620 
FAX: 716-235-0052 



1023 

Hamilton/Avnet Electronics 

103 Twin Oaks Dr. 
Syracuse, NY 13206 
(315) 437-2641 
FAX: 315-432-0740 



OKLAHOMA 

1117 

Hamilton/Avnet Electronics 

12121 E. 51st Street 
Ste. 102A 
Tulsa, OK 74146 
(918) 252-7297 

1113 

Quality Components, Inc. 

3158 So. 108th East Ave. 
Ste. 274 

Tulsa, OK 74146 
(918) 664-8812 



1163 

Marshall industries 

3955 Annapolis Ln. 

Minneapolis. MN 55447 

(612)559-2211 



MISSOURI 

1048 

Hamilton/Avnet Electronics 

13743 Shoreline Ct. 
Earth City, MO 63045 
(314) 344-1200 
TWX: 910 762-0684 



NEW HAMPSHIRE 

1049 

Hamilton/Avnet Electronics 

444 E. Industrial Park Dr. 
Manchester. NH 03103 
(603) 624-9400 
TWX: 910 762-0684 



NEW JERSEY 

1020 

Hamilton/Avnet Electronics 

1 Keystone Ave., BIdg. 36 
Cherry Hill, NJ 08003 
(609)424-0110 
FAX: 609-751-2652 



1079 
Almo 

12 Connerty Court 

East Brunswick, New Jersey 08816-1633 

(201) 613-0200 

(800) 523-3155 

FAX: 201-613-9689 



1078 

Hamilton/Avnet Electronics 

10 Industrial Rd. 
Fairfield. NJ 07006 
(201) 575-3390 
FAX: 201-575-5839 



1164 

Marshall Industries 

101 Fairfield Rd. Fairfield, NJ 07006 
(201) 882-0320 
FAX: 201-882-0095 



NEW MEXICO 

1175 

Hamilton/Avnet Electronics 

2524 Baylor Dr. S.E. 
Albuquerque, NM 87106 
(505) 765-1500 
TWX: 910 989-0614 



NEW YORK 

1114 

Semispeciallsts of America 

105 Baylis Rd. 
Melville, NY 11747 
(516) 293-2710 
FAX: (516) 293-2707 



1025 

Hamilton/Avnet Electronics 

933 Motor Parkway 
Hauppauge, LI, NY 11788 
(516) 231-9800 
FAX: 516-434-7426 



1192 

Marshall Industries 

275 Oser Ave 
Hauppauge, LI, NY 11788 
(516) 273-2424 
FAX. 516-434-4775 



1193 

Marshall Industries 

129 Brown St. 
Johnson City, NY 13790 
(607)798-1611 
FAX: 607-797-7031 



1024 

Hamilton/Avnet Electronics 

2060 Town Line Road 
Rochester, NY 14623 
(716) 475-9140 
FAX- 716-475-9119 



1175 

Future Electronics 

7453 Morgan Road 
Liverpool, NY 13090 
(315)451-2371 
FAX: 315-451-7258 



NORTH CAROLINA 

1027 

Hamilton/Avnet Electronics 

3510 Spring Forest Rd. 
Raleigh, NC 27604 
(919) 878-0810 
TWX: 510 928-1836 



1170 

Marshall Industries 

5221 North Blvd 
Raleigh, NC 27604 
(919) 8 



1201 

Quality Components 

2940-15 Trawick Rd. 
Raleigh, NC 27604 
(919) 876-7767 

OHIO 

1028 

Hamilton/Avnet Electronics 

30325 Bainbridge Rd., BIdg. A 
Cleveland, OH 44139 
(216) 831-3500 
TWX: 810 427-9452 



1029 

Hamilton/Avnet Electronics 

954 Senate Dr. 
Dayton, OH 45459 
(513) 439-6700 
TWX: 810 450-2531 



1184 

Marshall Industries 

3520 Park Center Drive 
Dayton, OH 45414-2573 
(513) 236-8088 



1181 

Marshall Industries 

30325 Bainbndge Rd., BIdg. A 
Solon, OH 44139 
(216) 349-5100 



1133 

Hamilton/Avnet Electronics 

777 Brooksedge Blvd. 
Westerville, OH 43081 
(614) 882-7004 



OREGON 

1150 

Western Micro Technology 

13770 S.W. 24th 
Beaverton, Or 97005 
(503) 629-2082 

1169 

Marshall Industries 

9705 SW Gemini Dr. 
Beaverton, OR 97005 
(503) 644-5050 

1032 

Hamilton/Avnet Electronics 

6024 S.W. Jean Rd. 
BIdg. C, Ste. 10 
Lake Oswego, OR 97034 
(503) 635-8157 
TWX: 910 455-8179 

PENNSYLVANIA 

1034 

Almo Electronics 

9815 Roosevelt Blvd. 
Philadelphia, PA 19114 
(215) 698-4000 
FAX: (215) 969-6768 

1157 
Hamilton/Avnet 

2800 Liberty Ave., BIdg. E 
Pittsburgh, PA 15222 
(412) 281-4150 

1168 

Marshall Industries 

701 Alpha Dr.. Ste. 240 
Pittsburgh. PA 15238 
(412) 963-0441 

TEXAS 

1110 

Quality Components Inc. 

Electronics 
4257 Kellway Circle 
Addison. TX 75001 
(214) 733-4300 
TWX: 910 860-5459 

1050 

Hamilton/Avnet Electronics 

1807-AW. Braker Lane 
Austin, TX 78758 
(512)837-8911 
TWX: 910 874-1319 
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1177 

Marshall Industries 

8504 Cross Park Dr 
Austin, TX 78754 
(512) 837-1991 



UTAH 

1059 

Hamilton/Avnet Electronics 

1585 West 2100 South 
Salt Lake City, UT 84119 
(801) 972-2800 
TWX: 910 925-4017 



WISCONSIN 

1061 

Hamilton/Avnet Electronics 

20875 Crossroads Circle, Suite 400 
Waukesha, Wl 53186 
(414) 784-4510 
TWX: 910 262-1182 



1063 

Hamilton/Avnet Electronics 

6845 Rexwood Rd., Units 3-5 
Mississauga, Ontario 
Canada L4V 1R2 
(416) 677-7432 



1112 

Quality Components, Inc. 

2120-M Baker Ln. 
Austin, TX 78758 
(512) 835-0220 
TLX: 324930 



1058 

Marshall Industries 

466 Lawndale Dr., Ste. C 
Salt Lake City, UT 84115 
(801) 485-1551 



1062 

Marshall Industries 

20900 Swenson 
Waukesha, Wl 53186 



1064 

Hamilton/Avnet Electronics 

190 Colonnade Rd. 
Nepean, Ontairo 
Canada K2E 7J5 
(613) 226-1700 
TWX: 053-4971 



1183 

Marshall Industries 

2045 Chenault 
Carrollton, TX 75006 
(214) 233-5200 



1187 

Marshall Industries 

7250 Langtry 
Houston, TX 77040 
(713) 895-9200 



WASHINGTON 

1060 

Hamilton/Avnet Electronics 

17761 NE 78th PI 
Redmond, WA 98005 
(206) 881-6697 



1066 

CANADA 
Hamilton Avnet 

2550Boundary Rd., #115 
Burnaby, British Columbia 
Canada V5M 3Z3 
604-437-6667 



1091 

Hamilton/Avnet Electronics 

2816 21st. N.E. 
Calgary, Alberta 
Canada T2E 6Z2 
(403) 250-3586 
TWX: 03-827642 



1070 

Future Electronics Inc. 

Baxter Center 
1050 Baxter Rd. 
Ottawa, Ontario 
Canada K2C 3P2 
(613) 820-8313 
TWX: 610 563-1697 
FAX: (613) 820-3271 



1052 

Hamilton/Avnet Electronics 

2111 W. Walnut Hill Ln. 
Irving (Dallas), TX 75062 
(214) 550-7755 
TWX: 910 860-5929 



1175 

Marshall Industries 

11715 N.Creek ' 
Parkway South #112 
Bothwell.WA 98011 
(206) 486-5747 
FAX: (206) 486-6964 



1072 

Future Electronics Inc. 

1695 Boundary Rd 
Vancouver, British Columbia 
Canada V5K 4X7 
(604)294-1166 
TLX. 04-354744 
FAX: (604) 294-1206 



1080 

Future Electronics Inc. 

237 Hymus Blvd. 
Pointe Claire, Quebec 
Canada H9R 5C7 
(514) 694-7710 
FAX: (514) 695-3707 
TLX: 05-823554 



1053 

Hamilton/Avent Electonics 

4850 Wright Rd. 
Stafford, TX 77477 
(713) 240-7898 



1149 

Western Micro Technology Inc. 

14636 N.E 95th Street 
Redmond, WA 98052 
(206) 881-6737 



1081 

Future Electronics Inc. 

82 Saint Regis Crescent North 
Downsview, Ontario 
Canada M3J 1Z3 
(416) 638-4771 
TWX: 610 491-1470 
FAX: (416) 638-2936 



1065 

Hamilton/Avnet Electronics 

2795 Halpern 
St. Laurent 
Montreal, Quebec 
Canada H4S 1P8 
(514) 335-1000 
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ROCKWELL SEMICONDUCTOR PRODUCTS SALES OFFICES— INTERNATIONAL 

You can obtain expert applications assistance, price quotations and delivery data from the Distributors and Sales Representatives 
listed below for Rockwell seniiconductor and telecommunication products. If there is no Rockwell distributor convenient to your 
country, please consider Hamilton/Avnet International listed below. 



EUROPE AND MIDDLE EAST 
Africa 

0208 

South Continental Devices 

(PTY) Ltd. 

P.O. Box 56420 

Pinegowkig 2123, South Africa 

or: 

0209 

South Continental Devices 

5th Floor, Randover House 

Dove Street 

Randburg, South Africa 

Austria 

0226 

W. Moor GES.M.B.H. 

Lamezanstrat)e 10 

1232 Wien 

Austria 

(43) 0222-61062 

TLX: 0135701 moor a 

FAX: 43-0222-61062151 



0272 
Microtron 

Generaal Dewittelaan 7, 
2800 Mechelen 
Belgium 2800 
(32) 15-21-2223 
TLX: 846-22606 mitron b 

Denmark 

0244 
MIcronor APS 

Torvet 1 

8600 Sill<eborg 

Denmark 

(45-6) 815510 

TLX: 63245 MICRONOR DK 

Finland 

0252 

Satt Electronics OY 

Alaportti iC 

02210 Espoo 

Finland 

(358) 0-7555133 

TLX: 124870 ELDYN SF 

France 

0222 

System Contact 

88, Avenue du General de Gaulle 

67200 Eckbolsheim 

France 

Phone: (33) 88782089 

TLX: 890266 SYSCO 

0223 
ANfatronic 

Z.I. DeCourtaboeuf 

7, Av. Du Canada 

B.P. 310 

F-91958 Les Ulis Cedex 

France 

(33-1) 47917400 

TLX: ALFA612 790F 

FAX: (33-1) 47939774 



2087 

Alcorn Electronics BV 

Esse Baan 1 

Postbus 358, 2908 AJ 

Capelle A/D Ijssel 

Holland 

(31-10) 4519-533 

TLX: 26160 

India 

4066 

Semiconductor Complex Limited 

Phase VIII. S.A.S.. NAGAR-1 60059 

(near Chandigarh) 

Punjab, India 

87265, 87809, 87585 

TLX: 395270 LSI 

Israel 

0255 

Bynet Data Communications 

8-Hanechoshet St. 

Ramat-Hachayal 

Tel-Aviv 69710, Israel 

TLX: 342132 

FAX: (972) 3-475933 

Italy 

0260 

Murata Elettronica 

Via Melchiorre Gioia, 66 

T-20125 Milano, Italy 

(39-2) 607-3786 

(39-2) 688-4833 

TWX: 330385 

0248 

Dott. Ing. Giuseppe De Mico S.P.A. 

Via Vittorio, Veneto 8, 

20060 Cassina 

De 'Pecchi 

Italy 

(39-2) 952-0551 

TLX: 330869 

FAX: (39-2) 952-2227 



0271 

Bit Elektronilck A.&. 

Postboks 36 

3401 Lier, Norway 

(03) 84-70-99 

FAX: (03) 84-55-10 

Spain 

0239 

Comelta SA. 

Emilio Munoz 41 

ESC 1, Planta 1, Nave 1-1-2 

Madrid 17, Spain 

(34-1) 754-3001 

TLX: 42007 CETA E 

FAX: (341) 754-2151 

Sweden 

0235 

Betoma Component AB 

Box 1279 

17124 Solna, Sweden 

(46-8) 8200 

FAX: (46-8) 734-8200 

0236 

Betoma Component A.B. 

Norra Gubberogatan 32 

41662 Gothenburg 

Sweden 

(46-31) 848450 

FAX: (46-31) 215125 



Switzerland 

0227 

Aumann & Co. AG 

Foerrlibuckstr. 150 

CH-8037 Zurich 

Switzerland 

(41-1) 443-300 

TLX: 822 966 

United Kingdom 

0258 

R.C.S. Microsystems Ltd. 

141 Uxbridge Rd. 

Hampton Hill, Middlesex 

TW12 1BL, England 

(01) 979-2204 

TLX: 8951470 RCS MICG 

FAX: 01-979-6910 

0280 

Abacus Electronics PLC 

Abacus House 

Bone Lane, Newbury 

Berkshire, RG14 5SF, England 

(0635) 30680 

TLX: 849343 

West Germany 

0250 

Bit-Electronic AG 

Dingolfingerstr. 6 

D-8000 Muenchen 80, Germany 

(49-89) 41 8007-0 

TLX: 5212931 bit d 

0238 

Kontron Halbleiter 

Alfatron GmbH 

Schleissheimer Street 87 

8046 Garching, Germany 

(089) 32-90-99-0 

TLX: 5216935 

FAX: (089) 32-90-99-59 

0245 

Unitronic GmbH 

Munsterstr. 338 

P.O. Box 330 429 

4000 Dusseldorf 30, W. Germany 

(49-211)626364-67 

TLX: 8586434 unid d 

0237 

Astronic GinbH 

Winzerstr 47d. 

8000 Muenchen 40 

Munich, W, Germany 

(49-89) 309031 

TLX: 5216187 astrd 

FAR EAST AND ASIA PACIFIC 

Australia/New Zealand 

4054 

VSI Electronics 

Pty. Ltd. (Australia) 

16 Dickson Avenue 

Artarmon, NSW 2064 Australia 

(61-2) 439-4655 

FAX: (61-2) 439-6435 

TLX: AA-22846 

0281 

VSI Electronics Ltd. (N.Z.) 

Private Bag, New Market, 

7 Beasley Ave. 

Penrose, 

Auckland, New Zealand 

(64-9) 599150 

FAX: (64-9) 593694 

TLX: NZ60340 



Hong Kong 

2086 

Tekcomp Electronics Ltd. 

1702 Bank Centre 

636 Nathan Rd. 

Kowloon. Hong Kong 

(852-3) 880629 

TLX: 38513 TEKHL 

FAX: (852-3) 7805871 or 7109220 



Grandeur Trading Company 

4/F, Cheong Tai Fty. BIdg. 
16 Tai Yau Street 
Kowloon, Hong Kong 



Kanematsu Semiconductor Corp. 

6-1 Shintomi 1 chome 
Chuo-Ku, Tokyo 104, Japan 
(81-3) 551-7791 
TLX: 252 3798 KSC J 



Kyokuto Boeki Kaisha, Ltd. 

7th Floor, New Otemachi BIdg. 

1-1 , 2-chome, Otemachi, Chiyoda-ku 

Tokyo, Japan 

(81-3) 244-3803 

TLX: J22440 

FAX: (81-3) 246-1846 



Marubeni-Hytech Co. Ltd. 

Marubeni Hytech BIdg. 20-22 

Koishikawa 4-Chome, 

Bunkyo-Ku 

Tokyo 112 Japan 

(03)817-4811 

FAX: (03) 817-4810 



0206 

Matoushita Industrial Co. Ltd. 

P.O. Box 18 

Trade Center, 32nd Roor 

World Trade Center BIdg. 

4-1 Hamamatsu-cho 2-chome 

MInato-ku 

Tokyo 105, Japan 

(81-3) 435-4552 

TLX: 522-8771 METOSKJ 



Korea 

0242 
Unistandard Corp. 

302 Samho BIdg. 
757-1 Bang Bae-Dong 
Kang-Nam Ku 
Seoul, Korea 
TLX:K22116"UNIST" 
(82-2) 532-6815 
FAX: (82-2) 534-5739 
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Singapore/Malaysia 

0264 

Dynamar Computer Systems PTE Ltd. 

NG Choo Kiang 

4.02 4th Floor, Wtsma Esplande 

43 Green Hall 

10200 Penang 

West Malaysia 

Tele: 60(4) 377269 

60-(4) 377292 

Telefax- 60-(4) 377219 

Telefax: MA 40750 "DYNAMA" 

0262 

Dynamar Computer Systems PTE Ltd. 

109 Defu Lane 10 
off Hougang Ave. 3 
Singapore RE 1953 
Tele: (65) 281-3388 
Telex: 26283 
Fax: (65) 281-3433 

Taiwan 

0213 

Sertek International Inc. 

15th Floor, 135-137 Sec. 2 

Chien Kuo N. Road 

Taipei, 10479 

Taiwan, ROC 

Tele: (886-2) 501-0055 

TLX: 23756 

FAX: (886-2) 501-2521 

Thailand 

0262 

Dynamar Computer Systems PTE Ltd. 

109 Defu Lane 10 
off Hougang Ave. 3 
Singapore RE 1953 
Tele: (65) 281-3388 
Telex: 26283 
Fax: (65) 281-3433 

Brazil & Argentina 

2007 

Cristech Tech. Ltda. 

Avenida Paulista, 2001 
8 Andar, Salas 
814/815 CEP01 311 
Sao Paulo, Brazil 
Tele: (55-11)285-4031 
FAX: (55-11)285-4446 

Venezuela 

0273 

Interphase C.A. Centro Capriles 

Mezz. 3, Local L-66 

Plaza Venezuela, Caracas 1050 

Venezuela 

Other Countries 

1006 

Hamilton/Avnet Electronics 

International Group 
10950 Washington Blvd. 
Culver City, CA 90230 
(213) 558-2441 
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